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ABSTRACT

An ~Wvu~iaitm of the hugily and domirability of the employment ofpersonal
caupma in a bifofo and propelle deip was pmftum The (amailik oM
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1. iNTODUCTION

1.1 The bbftm7 of screw prepu~b&e

The first use of mechanical propulsion at ase dates beck at least 2000 years. 71m

Roman army recognized the advantages of independence from wind and current. Before

the barth of Christ they used peddle-wheel driven, oxen powered boats to tranisport

soldiers Wn the Mediterranean Set. Mechanical propulsion took the non great leap

forward in 1783 at Lyons, France, where a steam engine was used to propel a paddle-

wheel driven barge on the Rhone river.

Archimiedes and Leonardo da Vinci are both credited with the initial concepts of

screw propulsion. Archimedes developed the idea of the screw pump, which provided

inspiration to the developers of marine propulsion in the 19th century. Leonardo da Vinci

produced sketches of a screw propeller that resembles the blades of a modern cooling

fa~n.'

Moderm screw propulsion appears to have been first proposed in England by

Robert Hooke in 1680 and first used by Colonel John Stevens at New York in 1804.2

Acting for the United States and British Royal Navies respectively, John Ericcson and

Francis Pettit Smith made practical applications of screw propulsion in the early I1800.

Both men received patents fbr screw propulsion In 1136 and soon had suuessflilly

demnsraedthe advantages of the screw propeller over alternative forms of mechianical

prop~dsion?

1.2 The Witay of digW "al sputes. 0

The birth of the concept of the modern11 dogtal compuer can be ftraed beck almost

3P W10"110 ettimal &*~t1 P.OON (Mew Yo&-: 34MW ISM~ p.J
3 lbm C.OW nd uma Jdlf Wehoinf Woo AMMse M (A'MOVA I MIINeld baftf f 96) p2OM L.
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I
as hr as the screw propeller. Charles Babbage, an English mathematician proposed the

•analytical eines The analytical engine was to be a totally mechanical steam-rven &

mudn capa of perfotrng the five boa data processing &nctions: datinput

arithnetic processng, dat storage, data output, and control of the operations. Athough

Ba as ine amied because of the lack of adequat hardware, the concept formed the 0

basis of the modern digital comutr.4

The developmen of the computer accelerated in the 1940s. The Mark I

computer, an elecitrechnia calculator was built at Harvard University by Dr. Howard 0

Ailmn m 1944. The Electronic Discrete Varia Computer (EDVAC) was built at the

University ofPennsylvania between 1946 and 1952. The EDVAC was the first computer

to alow instructions to be stored in memocy rather than to be hard wired. The UNIVAC 0

1 was introduced as the first mass produced digital computer and the first to be used in

business appheations. Iternational Business Macines Corporation (IBM) entered the

business computer market 1950ss 0 6

"The deign of nem propelle took a great step forward with the development of

the hih speed diptal computer The digital computer is particularly suited to the

appfication of circulaton theory to propeller design It is a simple matter to employ a

computer to perform the reptve calculations inherent i the application of circulation

theory to hydrofoil sid propeller design-

1.3 ?aineal cumpetut

Whie the Mt MnerW o Of &t Computers mae• use of vaCUUM tUbe

*tecol mud perforn data prcessing operations in mnileconds, the nco

pmeatioa eaployed asistor technology mad pevrfore operation in microseconds.

Third Seeraton compm u~ wtersdi Wpi technology reduced computaton

#MWvb 3, O d W. k C~ um b lm 5 @(es YQ& Mou.4v 3d C 19be* C "1-19
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times to anoewccon Improved teclnolo at rapidly loweri cost allowed Commodore

and Applei 1977 to intiro&e computers designed for home and non-professional use.

IBM flowed with the IBM PC (personal Computer) in 1981.'

The state of the art of the personal computer us itterfice for the years tat

*immdiaidy followed the utoduction of the IBM PC was the filia DOS prompt,

shown in figure I -1.

FWpare 1-. DOSPrompt

The DOS prompt continued its dominance of the personal computing world until

well after the release of WidowsTm 1.01 by the croso Corporation in 1935. The

release of WindowsTu 1.01 was quickly followed by the release of subsequent, more

* ~~capable versions. This coupled with rapidly developing hardware enabled MAicrosoft 0

Corp~oratio to establish Windowslu as the dominant operatin envionmenit for Personal

computers in the late 190s nd early 990's.

* ~~~Woudows ofiers nualtitaskin. memory muaaganen, deieidpnetgraphcs

and a consistent user interce. Once a user maters his or her first WindowsTh

application. it as a small task to master the net. fture 1-2 depit a typical Wimdows

*appu tn. WkdowsT usrn &n the control-aw box, the fite, mvou, and tool bars,

the mazzaze and Wumum buttoms and the horim"a and vertical scrod baus both

tfanirar and ui ue. Even the mot arden purist will eveaually come to prefar

the rupomiviessm of Windows'm to the puritan harsmess of figure 1-1. D

m . r .om Pc ow- b A m(h, Thw IW& j ha saw.. %wq), pSP.
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E[ve E S eled Formal Qptions Insed Wladw Help

FgWe 1-1 MS-DOS Prompt

The MS-DOS prompt cotinued ts dommice of the personal c
unil well after the release of Windows 1 01 by the Microsoft Corporation Mi 19
release of Windows 1.01 was quicldy folowed by the release of subsequent, m
vemor. This coupled wth rapidy developing hardware enabled Microsoft C
establish Windows as the dommant operatmg enviroment for personal comp
late 1980's and eal 1990s.

s Figure 1-2. Typical WindowsTh based application S

1.4 The employment of personal computers in hydrofoil and propeller design.

a It is the intended purpose of this thesis to demonstrate the feasibility and 0

desirability of the employment of personal computers in hydrofoil and propeller design.

The approach will be incremental in nature. First, WindowsTm applications based upon

0 relatively simple, traditional FORTRAN codes from the MIT Hydrofoils and Propellers S

course will be designed. The intent of these initial applications is to serve as a vehicle for

developing the tools that will be required in implementing more complex codes.

The second step in this process will be to implement the MIT Propulsor Lifting S

Line Code (PLL) in a WindowsTm application. PLL is a tool used for the preliminary

design of marine propulsors. It can be used in the design of propulsors with a relatively

6 high degree of complexity. PLL can serve as the starting point of a *blank sheet of paper" S

design and can be used in conjunction with codes used to design blade shapes, to analyze

cavitating propellers, and to analyze steady and unsteady propeller forces.

0 The third step will be to implement the MIT Propeller Blade Design Code (PBD)

as a part of the PLL WindowsTm application. PBD is a vortex-lattice combined design and

16
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alyscode. ft is cmp@bl of the desig and anaysis of multi-usag opet ndw ducted4

F-propelw Tbhre reatadapplicaionwillprovide aseamles lnk betweenPLL andPBD.

I io
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2. HYDROFOIL DESIGN APIPUCATIONS
I

2.1 The Hydredfl Vrtez Lattice L g LAWe Programi

The Hydrofol Vortex Lattice Lifting Line Proam7(VLL) is a FORTRAN code

tiht demonstrates a vortex lattice nu• eical approximation of a straight lifting lie. VLL

calculates the cxat and iuinencal values of induced velocity, total lift, and total induced

drag for a ckulation distribution defined by five Glauert coefficients. The program also

calculates p mmcen er"or values for lft,, dra, and the ratio of lift to drag squared. Output is S

provided in the form oftet written to the screen and a plot file which may be used with a

suible grapl pvrog

VLL was selected for the initial step in demonstrating the feasibility and I

desabiliy of the em*ynt of personal computm in hydrofoil and propeller design. It

was selected for two reasons. First, the program is rdatively short and could be easily

Sconvened from FORTRAN to the C programm language. Second, the implementation 5 0

of VLL in the W'mdowsT" environment would result in immediately recognizable

inprovemnus in the user interfaice in term of input, output, on-line help and portability.

2.1.1 A cemparb.o of VLL sad the WindowsTm version of VLL.

Figure 2.1 is a sample of the screen output provided by VLL.

7hkx KW.b. 3l tram ?.Wms b& . db W ftupdam&(CIip. %Mm*MM• MON&ii bgrf e-edmka.
MUVAL

sot • •---•eT777-- -7~,• • ••n

18
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WORM LATfl LVTrD1GLDII.LDhI LVTflO W3TE JO LITS

COULATI0 COUNIS I AM

Com SACID TRTX= AND Cosrr10L POOM
TV YC GAMMA ¶ vlom GOMM (NM)
.0MW 004.4=S .03130-= -1.00043 .0.3142
4475 -04.45S -603060IA -100049 .09117
440W -0.353 .1A142 .1.0 000 433 1.4200
-8M -&= #.7.i .1A00 4393 .1.784
4.154 4.0M5 *ISM .1.000 4393 *ISM

.0.1545 *0.U #1.7120 .1AW0 433 .1.704
*02M9 .053MS .1142 -1A=000 49W +.1420
.0.4045 .0.4455 +030= .1.000 -039 .09117
4.471SS 00.49M .0.3139-= .1000 N 43 03.0142

PET KREM INNUVMIERALSOLUTMC:
CON"W&WG DOWNWASH YOR QUN COCULATMO
LOT: -.4 DUO -A DRAGLWT*02 B0

CMOWUTGCWTULT=O FO QYW DOWNWASH
LifT: D0 DUO .0 DRA0LUTY0'2 J0

figure 2- 1. VLL Sample Output

Figure 2-2 is a sample of the output of the Windows~m verson of VLL. It is for

the same case as the output depicted in figure 2-1 above. *

Washr of Lgmeeatat 161.
vcgte swin~g. COOLSe .

Cast ft~ Special: Cosla

Caectates 41:*5.0

Osslioteast 42: +0.08
CO(11@1O~te3: .0.06.8.41.. . . . 0.4 6.4 0.1 .0. 0.9

Cmettiuet .41 +0.01 soal,,s IOSITIWU L'
Caseliviost 0.5 *.0.0

bras IS Pr~ict ass
for ft, ft. futolft)-2

4.595 4.51 .S . 45555. aSIS .

Figurc 2-2. WindowsTh ViiSapl Output
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S

Figres 2-1 and 2-2 both display virtually the same information. Carefid inspection

reveals that the Gmimt coefficients, the number of elements used, and percent errors ae

aiuedlately availabe in text format. The renuining data, with the exception of the

awiAse position ofthe lattice vortices is presented in graphical format. The Wi'dowsTh

progrn also credo an output file sinilar to fiure 2-1 for each run. The section of the

output fle correPoding to figure 2-1 is shown in figure 2-3.

W=T1 LErrG LUM-LOIS SOLIOM W1T1 10 E.LnM I
=CIUI.ATjwCZ"X0 r

IB0M=O 0Jao000o 0301000 0.000000 OofBOO
Csil •md •*m, esdol -~t
i TV TC GAMMA WUACr) EMW GOIM)
1 .03= ..0.4938 .0313 .0 .019- .03142
2 .0.A75 .0.4,53 *.0 -1A= .099m .09117
3 .0.4045 4.3-35 .1.4142 -1.=-300 0195 +1.4200
4 -0293- .02M +.1382.)0 . -099 *1.7594
S -0.1545 -0.= +.19M .-I -0993 .19133
6 0000 00a1 +19"5 .1.0000 -093 +1933M
7 .0.1545 #02= +1.782) -1A=0 -0993 +1.7894
8 *023 *03SW +1A1421 -I.00 .09"M *1.4200
9 40AOMj .0.4455 .0•M00 -13A0= .09"3 .09117 5 0
10 .0.4755 40.4938 .03129 .. IA00 .. 09Cý .0.3142

*0.50O

PIlMT a Nfk 19UM V ICWAL SOLUT1KO:
COMMUTDIG NODWMWAS IM N CUVIUL&TION
LIFT: -0.4 DRAGk -0.2 DRAGIlFr02 00

CO .ITING DOWIWA 1Ma GWI DOWIIWASK S
LINIT -.03 DRAG -0.0 DEAGL17T02 0.0

Fiu 2-3. WmdowsTm Vii Data File

It is cew by inspection of the ouaput provided by the two programs that the

Wndowslrh version of VLL offers tangible inmpovements in the output provided. It also

offein improvements in the area of data input The FORTRAN version of VLL provides

for uswe inut in th traditional terminal interactive ode. Upon execution, the program

print$ a sine of promt to the sreen. The progrm accepts and screen user input, and

thin procs. the iput essentially in a btch mode. The screen and file output are

proiaCed huNediddey prior to terAMnAtin of the executable.

20
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Upon execution of the WindowsTU version of VLL, the mawn window is create.

The values of the data iput mamially in the FORTRAN program are automatically

midaitiid. The user may elect to alter the debuft values for any or all of the Gnuetm

coaemcautif the nufmber of vortex elements in the lattice, or the spacing of the vortices 'r

control points This as accomplishied by using the Options pull down now Sand ivoking

the appropriate dialog box. Figure 2-4 depicts, the main window with the Geometry dialog

box active.

Hvirs VMUMS Mh

Cmloset e2t Swiss

C..fltseat 43? 4 *.5~~ an cole

Figure 2-4. Winidowsl' VLL Geometry Dialog Box

After the input dat has bee altered, the output is calculated and displayed by

selecting the Run optio fom the File puill down menu. Thi action causes, output similar

to Sguwes 2-2 and 2-3 to be created. Unlike the FORTRAN version the executable does

rot tnumaate, but rather renmains rnning, awaiting further user input. 7he user may elect

21



to farther alter the input, terminate the program, print a copy of the scraen output to the

system printer, or view the on-line help available by using the Help pull down menu. 0

The on-line help provided by the FORTRAN version of VLL is limited to that

Xovided with the input prompts. The WindowsTm version provides a general description

of the prorim specifics regarding the use of each item on the pull down menus, and 1

infomatio sbout the authors of the program. Figure 2-5 shows the VLL screen with the

Optionslnometry help message box displayed.
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iqgure 2-5. WindowsTM VLL with Help displayed

Portability is mother advantae of prgramming for the WindowsTm environment.

Windows provides the interfice between the executable file and the screen or printer,

obviaing the need to write multiple device drivers. The programs described in this thesis

are designed to fun on any IBM compatible PC with adequate memory under WindowsTM

3.1. They also may be run under WindowiTh 95.
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2.2 The Wvutut of a WkWWaTH prpram

The advantages inere• t in programming i the WindowsTm environment do not

come wahout a price. The FORTRAN vermo of VLL consists of about ten pages of

code in two fles. The W'idowsTm version, on the other hand, consists of on the order of

75 pages of code in a dozen files. Some of the difference is explained by the addition of b

graphical output, but the largest factor is explained by the stmcture of a Windows~m

program

"The most basic of Windowsim programs require at least two functions. The first

is the WinMain function and the second is the MainWndProc function. Adding the

flrctonality of a main menu requires an additional function, the WMCommand_Handler

function. The addition of each dialog box requires two more functions, one to initialize

the box and one to process the inut from the dialog box.

In addition to the functions that are part of the WindowsTr program structure, the

VLL program also uses sepaate functions to perform the hydrodynamic computations and 0

to write output to the screen and printer.

The first three sections of Appendix A provide detailed descriptions of the VLL

WimMain, MainWndProc, WMCommandHandler fiuctions. Appendix A-4 describes the 0

VLL dialog functions and the sub-sections of Appendix A-5 describe the output functions

that are used in VLL. All of the function, header, resource, and definition files that make

up the VLL program are contained in Appendix A.6.

Fjue 2-6 below shows the interrelationships between the functions described

below and the output hardware.
I
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FgRem 2-6. WindowsTh Progra Structure

The WinMain finction is the main enty point for an application. Typcafly the 0
WinMain finction performs the following tasks:

-Ict up a window Class StrUCtur

-reustar a wimiow Class using that structure

4mr"t Wi dispay a window based on the registered class

-otu a p -~ loopW that receim anmd processe messages from Windowsam.

The WinMain finiction for VLL is desaciWe in detail in Appendix A. 1.

2.L.2 Tb. MabWad~re hamcd..

The second Amnmton requied in a Windowslu progrm is the MainWndProc

function. The Mim b * fiuncio is refrre to as the window procedure. It is

achualy a calback unction that urns a switch in procesin and responding to Wuidows1 "

mmesges The MaknWadProc for VLL is describe in deteai in Appendix Al.2.
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2.L3 The WMCommaud Hadler fiantIdin.

The WMCommand_Handler function provides the functionality of a main menu for

a Windowslu program. It consists of a switch that haniles messages sent to the

applicatio by the W'ndowsTm environment in response to user selections from the main

memu. The WMmommandHandler function used by VLL is described in detail in

Appendix A.3.

"2.2.4 Dialog functm

Dialog boxes are a convenient means for allowing the application user to provide

input to the program. The use of a single dialog box requires that two functions be added

to the functions described above. The first is a callback function, similar to the D

MainWndProc. The purpose of the function is initialize the data displayed in the dialog

box when it is created, and to refer messages received by the dialog box to the second

function.

The second function is similar to the WMCommandHand"er function. The

purpose of this function is to handle messages received by the dialog box, usually

messages from an "OK* or "CANCEL" button. The user interaction with the dialog box,

other then the "OK* or CANCEL" buttons is typically handled by the W'idowsTM

envbonment. The dialog functiom used in VLL are decribed in detail in Appendix A4.

2.2. OUW fancd

Application prolg in the WidowTAm enviroument provide the user with the

advantages of a graphical user mterfce (GUI) and the programmer with the advantages of

the graphical device intaflic (UDI). The GDI provides over 50 graphics routines in the

application program intahcc (API). That finctions allow the programmer to generate
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output without becoming involved in the specifics of a particular piece of hardware.9

The VLL program uses four separate functions to provide output. Two provide

output to the monitor and two provide output to the system printer. Each pair consists of

a function that draws the current variable data and a function that draws the graphs and

the percent error table. The output functions are described in detail in Appendix A, 4

section 5.1 through 5.3.

2.3 The 2D Vortex/Source Lattice with Lighthifl Correction Program. S

The 2D Vortex/Source Lattice with Lighthill Correction Program(VLMLE) is a

FORTRAN code that demonstrates a vortex lattice numerical approximation for the two

dimensional hydrofoil problem. It is a version of the VLM2D FORTRAN program'0 , p

revised by Kerwin to include a Lighthill leading edge correction". The leading edge

correction prevents the infinite tip velocity predicted by linear theory for angles of attack

other than the ideal angle of attack. VLMLE takes inputs of the number of panels, ideal 0

lift coefficient, angle of attack relative to the ideal angle of attack, and thickness to chord

ratio. The program calculates the pressure distribution over the upper and lower surfaces

of the foil assuinng a NACA-66(Mod) thickness form with a NACA a-0.8 mean camber

line. It writes the computed total lift coefficient to the screen and provides an output file

that can be used in co•mnction with a suitable graphics program.

The Unplementation of VLMLE in a WindowsTm application was chosen as an

itermedia stop in demxontrating the feasibility and desirability of the employment of

personal computers n hydrofoil and propeller design. It was chosen for two reasons.

Fmi, the program seemed ehitable to adaptation as a stand alone executable called by a

Wmdows1 u application. Second, as with VLL, the WindowsTh enmironment offered

'P..a Pwy. TV**.c-. h WW& 0 0-h 61~ .bi b. h& 5ý NMg t93*3S.%

195), Mp141.
1'M.AL t*W -A Now A•t to 1% A0,64 11sy'. AwNe,. M.S19410.
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Scognizable improvements in terms of the user interace, input/output, on-

2.3.1 A comparison of VLMLE and the WindowsTI version of VLMLL

The screen output provided by VLMLE is limited to the computed total lift

coefficient. Figure 2-7 is a sample of the output of the WindowsTh version of VLMLE.

+U

Ulo Lif tui**V.-L nn • -

6.5

-Cem, be,.

4WLIM -C.
Th~qhginja•4

4.3

Caulcmfwd Ut Coffitclemt U 32 S U 3 1.3

Figure 2-7. Windowsm VLMLE Sample Output

An inspection reveals that the input data, number of panels, ideal lift

coefficient, angle of attack relative to ideal angle of attack, and thickness to chord ratio

may be reviewed in the Current Variable Data area- The negative of the pressure

coefficient on the upper and lower surface is plotted versus position on the foil non-

dimensionalized with the chord on the graph, and the computed total lift coefficient is

written under the Current Variable Data are•. The WindowsTm version also provides the

graphics output file produced by the FORTRAN version.
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Tb. FORTRAN version of VLMLE provides for user input via a series of prompts

to the screwL The program accepts and screens user input, and then processe the input inb

a Nbtc mode. The screen and file output are produced immediately prior to termination

Of the executabe.

Upon execution of the WindowsTIm version of VLMLE, the main window is

created. The values of the dafta input manually in the FORTRAN program are

auona. cafly initalzd to selected defoult values. The user may elect to alter the defaut

values for the nmiber of panels or thicknes to chod ratio by selecting OptionsiGeometry

on the mai nowe and inter. Uin with the Geometry dialog box. The user also may elect

to alter the ideal lift coefficient or angle of attack by selecting Optionsl~arameters on the

main menu and interacting with the Parameters dialog box. Figure 2-8 depicts the main

window with the Paramfters; dialog box active.

an Vos i.m L urn wMLO I Coscdls.

1am on
* 2MG!

Fgrew 248. WaidowsTm VLMLE Parameters Dialog Box
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After the input data has been altered, the output is calculated and displayed by

Sselecting the Run option from the File pull down menu. Unlike VLL, the WindowsTm I

version of VLME does not perform the actual hydrodynamic calculations but rather

writes an inpiu file containing the parameters normally provided by the user in the terminal

4 interactive mode. The W'mdowsTm program then calls a modified FORTRAN version of

VLMLE. The modified FORTRAN VLMLE executable reads the input data file written

by the Windowsrm program, performs the calculations, and writes the normal output file

l and an additional output file formatted for use by the W'mdowsTm program. The I

FORTRAN executable also writes a dummy file immediately prior to termination. The

purpose of the dummy file is to notify the WindowsTm program that the hydrodynamic

* calculations are complete and that the necessary output has been generated. The

WindowsTm program periodically checks for the existence of the dummy file. When it is

found to exist, the formatted output file is opened and the output is written to provide a

* view similar to figure 2-7. After this is accomplished, the program remains running,

awaiting further input. The user may elect to further alter the input, terminate the

program, print a copy of the screen output to the system printer, or view the on-line help

* available by using the Help pull down menu.

The on-line help provided by the FORTRAN version of VLMLE is limited, as in

VLL, to that provided with the input prompts. The WindowsTm version provides a

4 general description of the program, specifics regarding the use of each item on the pufl

down memus, and informtim about the authors of the program. Figure 2-9 shows the

VLL screen with the Optionspaameters help message box displayed.
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Figure 2-9. WindowsTm VLMLE with Help displayed

The WindowsTm version of VLMOLE will run on any IBM compatible PC with

WindowsTh 3.1 or WindowsTm 95.
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3. PROPELLER DESIGN APPIUCATIONS

&.I Tre MIT Pripinbr Luting Line oVgam.

The MIT Propulsor Lifting Line Program is a FORTRAN code that is used for the

4 preliminary design of marine propulsors. It can be used in the design of propulsors with a

relaively high degree of complexity PLL can serve as the starting point of a *blank sheet

of paper design and can be used in conjunction with codes used to design blade shapes,

to anlyze cavitating propellers, and to analyze steady and unsteady propeller forces.

PLL was selected for the second step in demonstrating the feasibility and

desirability of the employment of personal computers in hydrofoil and propeller design for

* two reasom. First, the program is the starting point for propeller designs and can be used

in conjunction with other codes that further refine the design. Second, the implementation

of PLL in the W'mdows~m environment was estimated to be the most difficult step in the

0 construction of and integrated propeller design software package. '

3.1.1 A brief description of PLL.

9 The FORTRAN version of PLL is designed as an interactive program. The user is

prompted for input data and may provide it in the form of keyboard input or prepared data

files. The program also provides the capability of writing input files for later use based on

* the keyboard input provided. The three basic files used in a typical PLL run are the 1

overall input file, the blade input file, and the wake input file. A pre-swirl stator

circulation file may be used in a project which includes a non-adisymmetuic pre-swirl

* stator. Figure 3-1 is a sample overall input file.

* 3
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PROPELLER LWTNG LINE RUN: 1/31/1996 1
OVEAI.. IN•PT FILE

50.5o00o .......... ship speed (ft/WC)
1.991000 .......... Flud Denusiy
10.000000 .......... Shaft centeline depth (ft)
I .......... Number ocompoaeat
N .......... No inup hub to be usd
N .......... No image dut to be mod
N Compont I s ot ringed propeller
5 .......... Number o(bladme oncompoeat
10.000000 .......... Diameter component I (ft)
amuplebid File containing blade inputs for comp. 1
10.000000 .......... Diameter ofwake for component 1 (ft)
smmplel.wak File containing wake inputs for comp. 1

Figure 3-1. Sample PLL Overall Input File

The overall input file provides information regarding the ship operating conditions, the

number and nature of the propulsor components, and the files that describe the blade and p

wake inputs. Figure 3-1 is an overall input file for a single five bladed propeller with no

ring or duct.

A blade input file is shown in figure 3-2 below. * 4a

PROPELLER LIFTING LINE RUN: SAMPLE RUN #1 00/00/94
***************** BLADE INPUT FILE ******************
NUMBER OF RADII FOR INPUTS:

11

NONDIMENSIONSAL RADI FOR INPUTS:
0.2000 0.2300 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500 1.0000
CHORDIDIAMETER AT EACH RADIUS:
0.1740 0.1970 0.2290 0.2750 0.3120 0.3370 0.3470 0.3340 0.2800 0.1200 0.050

THICKNESSIDIAMETER AT EACH RADIUS:
0.0348 0.0329 0.0310 0.02710.0233 0.0194 0.0156 0.0117 0.0079 0.0060 0.0040

2-D SECTIONAL DRAG COEFFICIENT AT EACH RADIUS: "
0.0080 0.0080 0.0080 0.0080 0.0080 0.0080 0.0080 0.0060 0.0080 0.0010 0.0080

NONDIMENSIONAL CIRCULATION AT EACH RADIUS:
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Figure 3-2. Sample PLL Blade Input File
a S

The blade input file provides non-dimensional information regarding the blade chord,

thickness, two dimensional sectional drag coefficient, and circulation at a number of radii

Sqspanning the blade from hub to tip. S

A sample wake input file is shown in figure 3-3 below.
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PR LLE LIFING LINE RUN: SAMXL RUN 01
************~********* WAKE INPUT FILE *******
NUbMUE OF RADII FOR INPUT:

11

NUN OF HARMONIC COEFFICIENTS (axial, radial, taneOtial):
1 0 0

NONDRlENSIOIAL RADII FOR INPUTS:
0.2000 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500 1.0000
AXIAL COSINE HARMONIC COEFFICIENTS:
0.4520 0.4530 0.4540 0.4760 0.5160 0.5870 0.6710 0.7570 0.8140 0.3330 0.3470
AXIAL SINE COEFFICI :
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Figure 3-3. Sample PLL Wake Input File

The wake input file provides a description of the inflow wake in terms of harmonic

coefficients of the ircmferentially varying inflow at a specified set of radii.12
D

After initial input is made in order to provide a description of the proposed blade,

wake, and operating conditions, the user is allowed to review and alter the current PLL

settings. The current settings include switches that determine whether PLL will optimize

circulation and chord length, whether or not PLL will perform a wake alignment or

compute the drag coefficient, and what circulation distribution will be used for ducts.

Numerical values fbr number of panels, hub vortex radius, tip thickness, Lagrange

multiplier, maximum lift coefficient, maximum thickness to chord ratio, and minimum root

chord are also included in the current settings.

When the user is satisfied with the settings, PLL proceeds with the hydrodynamic
S

calculations, periodically prompting the user to make selections regarding the computation

of the effective wake, tunnel operation, thrust estimates, torque ratios, and thrust

distributions. When the hydrodynamic calculations are completed, the user may make
p

selections from the PLL main menu. The user may choose to unload a component, try a

different value of thnrt or RPM, evaluate the effect of a non-axisymmetry stator, look at

4D
12w Um &u c , MrrFL, us, mau (ca/,pg Mmdsuamw Mmodnui bomm (TeUmiY, 193 p. 69.
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output or plots, run optimization again with a different pitch distribution, try another

thrust or RPM with a new effective wake, adjust chord length to match an expanded area

ratio, perform a strength computation, reset blade input values with current blade outputs,

review or alter the current settings, reoptimize with a new propeller diameter, determine

optimum RPM or diameter, perform a blade stress computation, modify the thickness 9

distribution, or exit the program.

Output from the FORTRAN version of PLL includes text files that present

summary and detailed data for each of the propulsor components, duct geometry data, .

velocity profiles far downstream of the propulsor, and files that describe the forces,

velocity harmonics, and circulation distribution for non-axisymmetric stators. A file that

compares axisymmetric and non-axisymmetric results is also provided. Plotted output is 0

also available through the use of plot files with suitable graphics programs. Plotted data

includes axial inflow velocity, advance angle, tangential inflow velocity, chord and

thickness distributions, circulation distribution, axial and tangential induced velocity, •

hydrodynamic advance angle, and local thrust, torque, and lift coefficients.

PLL is a capable and complex computer program. A detailed discussion of the

program, including the theory behind the code, the input to the program, running the I

program, and output from the program is available in the MIT-PLL Propulsor Lifting Lne

Code Users Manual by William B. Coney.

3.2 The MIT Prepeller Blade Desigp Code.

The third step in demonstrating the feasibility and desirability of the employment of

# personal computers in hydrofoil and propeller design is the integration of the MIT I

Propeller Blade Design Code as a part of the PLL Windows1r' application. PBD is a

vortex-lattice combined design and analysis code. It is capable of the design and analysis

of multi-stage open and ducted propellers. The integrated WindowsTm application •

provides a seamless link between PLL and PBD.
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* wp.
3,2.1 A bref descrlptlsm ofPBD.

The FORTRAN version of PBD is designed to run in a batch mode. The user is

requiredim to provide three input files, four in the case of the coupled analysis mode. The

three file types required are the B-spline control polygon file, the axisymmetric flow

solution in the region of the propeller, and a main administrative file. The coupled analysis

mode also uses a cir crtial mean induced velocity file, usually produced by a

previous PBD run. Figure 3-4 is a sample main administrative file.

PBDI4 TURBI.PBD :no hub, no duct
tubl.bua OR TRY PBDOUT.BSN
rorn.vd OR TRY r•etatvei
41111 :nblade nkey, mkey
2
101234567891011 12131415161711920 21222324252627282930313233343536

37383940 :mctrp
00.000.0 :ihubhWhp,iduc,dpp
9 1 00 :nxncoeffmItype,mthick
2 :imodt
0 :nwima
1 0.001 0.00 0 1 :nitertvwak,buWgeradwgtnufix * *
10.02 :aplOlhubsbk
0.00o5 :Cdrag
0.900 1.000 1.300 0.100 :ADVCO XULT XFINAL DPROP
0.0300 :Circ Coef.
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 :rR
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 :tld eli
0. 0. 0. 0. 0. 0. 0. 0. 0. :UA
0. 0. 0. 0. 0.0.0. 0.0. :UAU
0. 0. 0. 0. 0. 0. 0 . 0.0. :UT
0. 0. 0. 0. 0. 0. 0. 0.0. :UTU

Figure 3-4. Sample PBD Administrative File

The administrative file specifies the B-spline and velocity input files. It also specifies

fineness of the vortex lattice, the mode in which the job is to be run, the thickness and

circulation distributions, the maximum number of wake iterations, parameters related to

iteration of the blade shape, the velocity field at the propeller and at the ultimate wake,

and sevral other parameters.

Figure 3-5 is a portion of a sample velocity file.
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TiE - "MDIO VELOCITY INPUT
VARIABLES - XARUAURI.UT
ZONE T-WInfloW, I 5. J- 5, P-POINT

-3.0000 0.2000 1.0 0.0000 0.0000
-1.5000 0.2000 1.0 0.0000 0.0000
0.0000 0.2000 1.0 0.0000 0.0000
1.5000 0.2000 1.0 0.0000 0.0000
3.0000 0.2000 1.0 0.0000 0.0000
-3.0000 0.5000 1.0 0.0000 0.0000
-1.5000 0.5000 1.0 0.0000 0.0000
0.0000 0.5000 1.0 0.0000 0.0000
1.5000 0.5000 1.0 0.0000 0.0000
3.0000 0.5000 1.0 0.0000 0.0000
-3.0000 0.7000 1.0 0.0000 0.0000
-1.5000 0.7000 1.0 0.0000 0.0000
0.0000 0.7000 1.0 0.0000 0.0000
1.5000 0.7000 1.0 0.0000 0.0000
3.0000 0.7000 1.0 0.0000 0.0000
-3.0000 0.9000 1.0 0.0000 0.0000
-1.5000 0.9000 1.0 0.0000 0.0000
0.0000 0.9000 1.0 0.0000 0.0000
1.5000 0.9000 1.0 0.0000 0.0000
3.0000 0.9000 1.0 0.0000 0.0000

Figure 3-5. Sample PBD Velocity Input File

The velocity input file contains induced velocity data for at least four stations axially

extending from upstream of the propeller to at least the axial position downstream where

all flow quantities are constant. At least four radial positions must be specified.
A portion of a sample B-spline control polygon file is shown below in Figure 3-6.

ZONE T-'B-wline polygo, 1= 7 J= 7 F-POINT
40.08451 0.18184 -08317 0.199% 0.0 0.0 0.0
-0.06695 0.18725 -0.07201 0.20062 0.0 0.0 0.0
-0.01607 0.19667 -0.04289 0.20129 0.0 0.0 0.0
0.05758 0.20073 -0.00762 0.20087 0.0 0.0 0.0
0.13445 0.19920 0.02392 0.20063 0.0 0.0 0.0
0.19527 0.1960 0.03901 0.19993 0.0 0.0 0.0
0.21722 0.19502 0.04442 0.20001 0.0 0.0 0.0
-0.06826 0.43067 -0.19016 0.47078 0.0 0.0 0.0
.0.05537 0.44320 -0.16389 0.47253 0.0 0.0 0.0
.0.00784 0.46552 -0.09462 0.475040.0 0.0 0.0
0.06414 0.47301 4).00015 0.47301 0.0 0.0 0.0
0.13809 0.46351 0.09232 0.47271 0.0 0.0 0.0
0.20626 0.44465 0.14939 0.46908 0.0 0.0 0.0

Figure 3-6. Sample PBD B-spline Control Polygon File
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The file consists of an I by J matrix of B-spline control polygon vertices. The first three

columns are the Cartesian coordinates of the points. The values in the fourth column are

the distance from the centerline of the hub to the vertices.

Figure 3-7 is a portion of a circumferential mean velocity file. The file contains the

circumferental mean velocities induced on the blade by the circulation distribution and by

the thickness.

TITLE =-C m mtia Man Blade Veocity"
VARIABLES - "X',*Y',"Z',VX',*VY",VZ"
ZONE T-*VEWA)CrI1ES*, I= 240

-0.16627 0.19145 -0.17308 0.11971 0.01132 -0.01241
-0,15747 0.19914 -0.16430 0.15086 0.01358 -0.02039
-0.14219 0.21042 -0.14933 0,17696 0.01462 -0.03066
-0.12291 0.22360 -0.12818 0.19689 0.01699 -0.04406
-. 09819 0.23685 -0.10119 0.21032 0.02295 .0.06017
.0.06963 0.24105 -0.06911 0,21752 0.03327 -0.07725
-0.03834 0.25520 -0.03319 0.21893 0.04772 -0.09347
-0.00556 0.25722 0.00464 0.21387 0.06523 -0.10738
0.02750 0.25389 0.04214 0.20134 0.08416 -0.11828
0.05973 0.24574 0.07704 0.18228 0.10291 -0.12651
0.08992 0.23411 0.10750 0.15785 0.12007 -0.13263
0.11675 0.22100 0.13256 0.12973 0.13351 -0.13566

Figure3-7. Sample PBD Circumferential Mean Blade Velocity File

The PBD FORTRAN executable prompts the user for name of the main

administrative file. The program then reads the data in the administrative file and in the

specified input files. Periodic status messages are printed to the monitor during the course

of the hydrodynamic calculations. Program output is in the form of files formatted for

plotting with a suitable graphics program. The files produced during a given run are a

function of the mode selected for the run. The files are described below.

PBDOUT.CBD- a graphic of the centerbody, or hub.

PBDOUT.CMF- the circumferential mean forces on the blade.

PBDOUT.CMV- the circumferential mean velocities induced on the blade.
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PBDOUT.GSP- the bound circulation strength of each vortex segment versus radial

and chordwise position (design modes only). 0

PBDOUT.SOL- the bound circulation strength of each vortex segment versus radial

and chordwise position (analysis modes only).

PBDOUT.IBG. the input blade geomnety as a Cartesian grid.

PBDOUT.KTQ- a text file containing thrust and torque coefficients.

PBDOUT.VCP- the velocities at the blade control points.

PBDOUT.OBG- the output blade geometry for all blades on the propeller, plus the

wake of the key blade and the image hub and duct lattices, if

applicable.

PBDOUT.BSN- the output B-spline control polygon.

PBDOUT.RDC- the radial circulation distribution at the tradiing edge (design modes

only).

PBDOUT.SGR- the radial circulation distribution at the trailing edge (analysis S 0

modes only).

Figure 3-8 shows the screen output for a sample PBD run.
I) V
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PB0 NupdW Nab Dedgip Ud Amb-yms Code

Vumul aom 14.1.27 O
Remm Deb: Feb 011996

EmW PrODMmw IpW FOBe Nam.. WuW.pbd
TURB2.PBD

tmb2.vm

DESIGN MODE:

IgWtim 1 M adram tsm in &ltng blade to hub- 0.0001
Itraltion 1 Max adius umi in fining blade to tip- 0.0001

rimse in BUwNT: 0 "e&m P
Tim in BLADE: 0 mcoads
Tim in !INO: 0 seconds
Time in PBDTWK: 0 seconds
Tim in ZmIIOS: 0 seconds

Cresin CMV borIuhoem bmd on IMODE... P
o*o**soo I OA of 10
• 0*e 2 out O t10

3 out of 10
4 out of 10

********* out Of 10
, 6 Au of 10 P 0

S7 out of 10
3 8o0 of 10

) 90 A of 10
• 10 ou of 10

"Tim in HSCMV: 0 econds
Tim in SlGNt 0 um0eonds
Tim in BSHAPE: 0 seconds
Tim in PBPLOT: 0 secoand
BFORCE - No NvAer Stiom compling
.-C- CULATION OF THRUST AND TORQUE COEm NCI•bTS-

CD KT JOOcQ Ef(I-W) P
0.0000 0.2012 0.2381 1.000
0.0033 0.1983 0.3134 0.426

Tim in BDORCE: 0 rmcoads

Propm -complet iraomadt

P Vmson No. 14.1.27
Rlemm D@W. F&b 0o 1996

FS=re34. Sample PBD Scree Output
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A detailed discussion of PBD, including the theory behind the code, the input to 7
the p"rram, running the program, and output from the program may be found in PBD-

14.2: A Coupled Lif/ing-Surface Design/Analysis Code for Marine Propulsors by S.D.

Black, D.E. Egnor, D.P. Keenan, J.E. Kerwin, and T.E. Taylor.13

33 7Ue Iategrated PLJjDBD WindewsTM applicatlom.

The immtation of PLL as a WindowsTm application and the subsequent

integration of PBD into the application were performed as distinct steps. The result will

be presented in the final form for the purposes of this thesis. The term PLL from this

point forward when referring to the WindowsTm application will imply the integrated

PUJPBD application. S

The PLL WindowsTM application is similar in appearance and operation to the

applications described in sections 2.1 and 2.3. This is expected since one of the

advantages of the WindowsTm environment is that all applications are similar in p •

appearance and operation. The operation of PLL is, however, much more complex than

the first two applications. This also is expected, since the original FORTRAN versions

differed aigniicantly in complexity of operation.

Figure 3-9 shows the PLL application as it appears upon starting the program.

13608 M Mu. Dk, L Ugp. niW P. KMm, Am L Kiw-A mi T.M L Tayw. 1,D.-4: A C*WW tiftmhg~.5w

PAta Cob hd Mb V p (Cmd,,#% usdoof M bkW*As r.d Tehw6. n9%)ý
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i~eloee View.
Ep

S

Figure 3-9. Windows• PLL

Upon first inspection, three differences between PLL and the previous applications

are immediately noticed. The PLL application has four windows displayed in the main

window. This difference is due to the employment of the Multiple Document Interface

(MDI) in PLL. In an MDI application, the main window is referred to as the frame

window. The windows displayed inside the frame window are referred to as child

windows or document windows. In the case of PLL, the document windows are the

Blade, Wake, Plot, and Output Viewer windows. The purposes of these windows are as

follows:

Blade Viewer- to display the input blade file data, including ring data for ringed

propulsors in a graphical format.

Wake Viewer- to display the input wake data in a polar plot format.

Plot Viewer- to display plotted output from the PLL and PBD FORTRAN

executables.
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)

Output Viewer- to display text file output from the PLL and PBD FORTRAN
atecutables.

The second difference is the Wimdow item on the main menu. This item is used to

determine how the document windows will be displayed in the flame window. In PLL,

*ui most MDI applications the four document windows are created when program

execution begins and remain in existence until program termination. Figure 3-9 shows the

windows in a ca•caded format. Figure 3-10 shows the windows in a tiled format with the

focus set to the Output Viewer window and figure 3-11 shows the windows in the P

iconified state with the Window pull down menu activated and the focus set to the Wake

V'iewer window.

Weds mir

m~tv~g~ leds Vlg

I

Figure 3-10. Windows'm PLL with Tiled Child Windows
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Ff| EM Helpe

'i Ikc

a Pmo Viewer

Figure 3-11. Windows•- PLL with Iconified Child Windows

The Window pull down menu can be used to display the child windows in cascaded or

4 tiled formats. When one or more of the windows are iconified, it may be used to arrange

the icon(s) in the frame window. The Window pull down menu can also be used to set the

focus on a specific window.

4 The third difference that is noticed immediately is the vertical scroll bar in the

Output Viewer window. The text files displayed in the Output Viewer window frequently

exceed the vertical range of the window. The scroll bar allows the user to view the entire

file, a portion at a time, by scrolling down the page. The user can also perform the

scrolling function by using the Page Up, Page Down, Up Arrow, and Down Arrow keys

on the keyboard.

4S

3.3.1 The Blade and Wake Viewer Windows.

The next step the user must take if he or she wishes to perform a propulsor design

is to open a project file. This is accomplished by selecting FilelOpen Project on the main
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menu. The user specifies a project file using the Open dialog box. The program then

* reads overal input, blade input, and wake input files identical to those used by the orginal

version of PLL. The Windowsam application is designed to read pre-exdsting PLL data

files so that the user need not perform data manipulation in order to run old projects with

* the new software. 0

It is important to note here that project files are not used in the FORTRAN version

of PLL. The project file replaces the initial terminal interactive input performed by user

4 for the FORTRAN version, and also contains the information necessary to make settings 0

analogous to the current settings for the FORTRAN version.

When the file has been opened, the blade input and wake data may be viewed using

* the Blade and Wake Viewer windows. Figure 3-12 shows the Blade Viewer window after 6

a project is opened.

• File Edt help WMdem•w

BLADE #1: ring.bld P.M3 DlATA

S�-• . . . . . . . ..-- - -

- - - - - -.- 1- - MP1--

jIM.04 -- - INL
- -0.31 -

. 0..- - - - - - - - - - - 1.- ,1..• ,. ,.t . . 8a ,,, --------- I . -iiiiii

Figure-- - 12. Win o! la-- - - - - - - -
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Figure 3-12. Windowsl~a PLL Blade Viewer
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The data shown is for a ringed propeller. The plots are of non-dimensionalized chord and

thickness distributions, viscous drag coefficient, and non-dimensionalized circulation

distribution plotted versus non-dimensionalized radius in the case of the blade and non-

dimeuionized angle in the case of the ring. Projects with a single non-ringed propeller

display the blade information only. Projects with two components display the blade data

for the first component on the left and the second component on the right.

Figure 3-13 shows the Wake Viewer window after a project is opened.

* p

Axial aAdiaL

o.337 Wake Proffle for ,.--• ~CoepOteatm #1

0.412 Ta.gestial -0.229

ledlus PAdius

0.20:3 1.007'0.25 :.
0.306
0.40 Z 0O.SO -
0.50:
0.703
0.80::
0.90"

Figure 3-13. WindowsTh PLL Wake Viewer

• The Wake Viewer window displays polar plots of the axial, radial and tangential

inflow wake velocity components for a range of radii. The values are non-dimensionalized

with ship speed and are displayed such that port is left and starboard is right. The number

* displayed in the upper left comer of the individual plots is the value that corresponds to D

the black circle that bounds the plot. The number displayed in the lower right comer of
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the individual plots is the value that corresponds to the center of the black circle. A

legend is displayed in the lower left corner of the window. In the case of multiple S

component propulsors, the operator may switch between the wake plots for components

one and two by double-clicking the left mouse button on the Wake Viewer window. This

action has no effect if the open project is a single component project.

3.3.2 Edit Dialog Boxes.
The next step the user will want to perform in the propulsor design process is to

review and possibly alter the current program settings. This is accomplished for the most

part through a set of dialog boxes. The dialog boxes may be called using the Edit pull

down menu on the main menu. The Project Settings dialog box is called by selecting

EditlProject Settings from the main menu. The Multiple Component Project Settings

dialog box is shown in Figure 3-14.

MITY - P.,pelleir Lftns Unc PtWm - FIade Viewo I
1 File EM Help V'tmmm

BAE #1.: samalo.bld BUD1E I'2: eaunl.bld

* Project File; 1 u.PnI Run lDk 1.3onF., 2

Imol Hie: 300.00 Est 1P -00.00

* ~~Torque PRole _____S

o cIuIatL Emeewc wonr CIRCU-LATION DABNIG

O3 Align Wdel loai Circuletian 1Oizim 0 Use Manuel DmIplmg Yaike

13 Tunnel Opcrtian I m.Damping Value f"o

6.5 g.! S.Ct 61.3 *.I g.) g.eI I.' .y g .g 9 . O. C *. ( *. S 5.6l 6. .3) g1•.e 9 .r g .e • e . O

o•a-Di.eTsioa•l Radii Mon-Diensio.nal Radii

Figure 3-14. WindowsTM PLL Multiple Component Project Settings Dialog Box
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The user way use this dialog box to review and alter settings nornlly made as

part of the termnail Weaetive input at the beginning of a PLL session. These setting

inchlude aI rn identifier, the name of the overall input file to be used, the RPM of each

component, whether or not to compute the effective wake, the desired thrust, and the

torque ratio between the two components. The user may also use this dialog box to align

or not to align the wake during circulation optimization, to indicate that the propulsor is

operating in a tunnel, and to manually specify a damping value.

The user may also review and alter settings with the Default Settings dialog box.

The Default Settings dialog box is called by selecting EditiDefault Settings from the main

menu. The Multiple Component Default Settings dialog box is shown in Figure 3-15.

F-Iile EM help Vit'nmliiii'lid 'idwii 'l

Idle Feint4

Tip ThiPi'lil Mullipliger Mf

Multiplier 6aAlign Web,••..,h-.

o VMWtx O0.0H ize Cireul.lon . .

Op Dpf. Chafrd La•,g

**~ ~ I~J H We Defm:It Comeklif Rati .. .

son-Di ional2 Rdii - n n ii II

Figure 3-15. WindowsTM PLL Multiple Component Default Settings Dialog Box

The Default Settings dialog box is roughly analogous to the Current Settings Menu from

the original version of PLL. The user may review and alter the maximum lift coefficient,
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the maximumi thickness, the tip thickness the minimum root chord for each component, the4

Lagrange Multiplier used in solving for optimum load distributions, the number of panels,

the drag coefficient multiplier, the hub vortex radius, and the wake contraction ratio. The

user may elect to align or not to align the wake, to optimize or not to optimize the

circulation distribution, to optimize or not to optimize the chord length distribution, to

compute or not to compute the drag coefficients, and to use the default wake contraction

ratio or to manually specify a contraction ratio.

The Duct Settings dialog box is called for projects with a duct by selecting

EditlDuct Settings from the main menu. The Duct Settings dialog box is shown in Figure

3-16.

BLDu #I~ u .: tapl.:i 0LU 82: 9WD3 iastnsta b

* ~ ~ ~ ~ L' ý T-I I I I:.", d gVae~ ar

4 %upa" ThrusifOlpase Dud Ring V Fme

0~~~19w Daac For=*dDd ud~

Duc Eumulode

*ai-DM aioaao 34Ndi i Manm-Olmaional Radi i

Figure 3-16. WindowsTm PLL Duct Settings Dialog Box
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It
The user nay review and alter settuigs relatuig to duct calculations using the Duct

Settings dialog box. The user may specify the duct tip gap factor and the ratio of

propeller thrust to the sum of duct thrust and propeller thrust. The user may elect to use

an a=O.8 mean line or a sinusoidal distribution of vorticity to specify duct circulation. The

user may also elect to ignore duct ring vortex forces, or to ignore duct forces. The user

may elect to manually specify a value for duct circulation.

The user may wish to review and alter the settings used for the ABS Rules

strength calculation. The ABS Rules Strength Settings dialog box may be called by

making the EditIABS Strength Settings selection on the main menu. The ABS Rules

Strength Settings dialog box is shown in Figure 3-17.

M1 .- Ptepeu LNftng Unc Pýmm -Pledt •"y 1:10

"[P o cl cr Typt " lo e ne I ol P i MW l
* T5si)~ sp•ii~ h9 *D

0 COMo*Iablt Pkh 0 i-Mn-Ekz ou L29

rRakeS Diamor 0 wt-i •eLO 0.27

alhub; i ] 0 IW*Hl-Uiz 77.4 627 rF Cost Irn I"U 627OUsmer~eflned 5. D-.

*~ L~ I*~E

lon-Dimional Radi i UM-O nioaal Rtdi i

Figure 3-17. WimdowsTM PLL ABS Rules Strength Settings Dialog Box

The ABS Rules Strength Settings dialog box may be used to select a fixed or controllable

pitch propeller, to select the propeller material properties including ultimate tensile

strength and specific weight, and to specify the rake at the hub and the tip. The user may
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select a user defined material by specifying an ultimate tensile strength and specific weight

* for a material other than the five pre-defined materials.

There are two dialog boxes that are used to specify settings that PLL uses to write

input files for running the PBD portion of the program. The PBD Settings dialog box is

used to make selections for parameters included in the PBD main administrative file. The

PBD Skew/Rake Settings is used to specify the skew and rake values to be used when

creating the B-spline input file. Figure 3-18 shows the PBD Settings dialog box.

0 S

-IMrT - ftepem Lifting Line Prsegma- 101de iitymd ']
riise E@ It41l WAw

Uop- <)sm -HP0.0 a 4

6.. 1.
S4.5¶ 4I3

Nloa -Difmtsool 20di6 Nbon-OiweionaL Radii

Figure 3-1C. WindowsTm PLL PBD Settings Dialog Box

The PBD Settings dialog box may be used to select the mode in which PBD will be run,

the blade grid spacing, the type of chordwise circulation distribution, the velocities that

will be output in the PBDOUT.VCP file, the component for which the files will be written,

a run title, an output filenare root, the number of spanwise vortices across the chord, the

number of trailing vortices, the maximum number of blade shape iterations, the sectional

drag coefficient, the weighting for the blade smoothing equations, the index of the
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constrained vertices, the ultimate wake starting point, the final wake point, and the non-

dimensional time increment.

The PBD Skew/Rake settings dialog box for the first component is shown in

- mMEuADE o2: ZpLJ.bLd

U BkU On $d a m Sa Jde W --

* 70.. lU'• 0.0 I- -1 i""F U Ia 6 Mi--.

UO !F'--'1 t•'•- o I"![:

. L'- '- o -]F--1

*a.. O ,Um..L•ab Olhu•,w '- ,li

Ua-Dia.asionol Raodii i~ohL-Oiueafional. Ra.dii

Figure 3-19. WindowsTM PLL PBD Skew/Rake Settings Dialog Box

The PBD Skew/Rake settings dialog box is initialized with the current values of skew and

rake at each of the radii used for blade input data. The default value is zero. The user

may specify a value for each radii, or may specifyr a value for the smallest and largest radii

to to

-and select a linear skew and/or rake distribution. The distribution is calculated after the

dialog box is terminated. There are two separate PBD Skew/Rake Settings dialog boxes,

one for the first component and one for the second component.F

When the user is satisfied with the PLL settings, he or she may save the project as

a project file. This is done by selecting FilelSave Project from the main menu and using

the Save As dialog box. The current project file may be replaced, or the revised project

may be saved under a new or previous project file name.

0 51



3.3.3 Rumning PLL.

When the user has opened a project and made the desired settings using the edit

dialog boxes, the user may then run the project by making the FilelRun selection from the

main menu. The program then allows the user to make additional settings using the

Runtime dialog box. The Runtime dialog box is shown in Figure 3-20. S

"i Mrr- Pispeiu Lilting Unc Pra,, i-lo
Fft EM Halp Vime___

rOPFIONS
0 OpulIni Propeller nMW 0 Q EAR

0 Oosiit Propeller lDmeter OUnload -Vmmeai-q

0 MWOmite ThIM* law a JWM~e Topqug &K~
M s eawd Ship speed

0O EviS Mon-xisymmeltrc Stator

0 Rcsct Uledkk b* with Cemcnt Valucs 0 Wiftc Po flhes

* -FOR WAIMNG THRUST *
FOR -- .THE. ]"Ho.pwr I . Th ueReildsa Io.-0

Figure 3-20. WindowsTM PLL Runtime Settings Dialog Box

The user may select one of seven mutually exclusive settings from the OPTIONS area of

the Runtime Settings dialog box. The options include optimizing propeller RPM,

optimizing propeller diameter, nm zing thrust for a given torque and determining ship

speed, evaluating a non-axisymmetric stator design, matching a value for expanded area

ratio, unloading components, or none of the above options. If the user chooses to

maximize thrust for a given torque and determine ship speed, horsepower and thrust
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coefficient must also be specified. A brief description of the runtime options is provided t

below.

Optimize propeller RPM-after performing the hydrodynamics calculations for the

"None" option, the program performs an iterative procedure to determine the optimum

propeller RPM. The result is reported in a message box after termination of the

FORTRAN executable. This optimization is not available for ducted or ringed propulsors.

Figure 3-21 shows the Optimization Data dialog box. The Optimization Data dialog box

is used for selecting the component to be optimized and for supplying a required thrust b
value. In the case of a contra-rotating propulsor, the dialog box is also used for supplying

a torque ratio.

Mo- Repefv Ufing Une PTm V-
fib Edh He. W&i

* - nt £

"2. .

Figure 3-21. Wi.dows.u PLL Optimiztion Data Dialog Box
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FORTRAN executable. This optimization is not available for ducted or ringed propulsors. It
The Optimization Data dialog box is also used for this option.

Maximize thrust for a given torque and determine ship speed-after performing the

hydrodynamics calculations for the "None" option, the program iterates to determine ship
S

speed for a specified horsepower and thrust coefficient.

Evaluate a non-axisymnetric stator design-this option allows the user to select a

non-axisymmetric data file using the Select Stator File dialog box. The program performs
S

the normal hydrodynamic calculations for the currently open pre-swirl stator project, then

reperforms the calculations using the selected non-axisymmetric stator file. This causes

additional text output data to be displayed with the usual output files.
I)

Match EAR-the match EAR option allows the user to specify an expanded area

ratio to be matched using the Expanded Area Ratio dialog box. The single component

Expanded Area Ratio dialog box is shown in figure 3-22.

AIf M- Plelaw Uahfg Unc E!m m- p01dc VleciI '
File Idn Help ffw W

BLADE #I: aIp1.L.bIl

. I I I L. .- I. I 1-. . I

CURFRW LITCH

1.im-36•3 1.1R adii3

Figure 3-22. WindowsTM PLL Expanded Area Ratio Dialog Box l
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PLL writes the expanded area ratio calculated on the most recent run of the current

project and allows the user to specify a different value. PLL then performs the normal

hydrodynamic calculations, scales the chord distribution to match the specified expanded

area ratio, and reperforms the hydrodynamic calculations.

Unload Components-if the component is hubless, ringless, and does not have a

zero gap duct, this option allows the user to specify unloading by modifying the sine series

coefficients that describe the blade circulation distribution. This is accomplished using the

Glauert Coefficients dialog box. The single component Glauert Coefficients dialog box is

shown below in figure 3-23.

1MIT - tpeft Lifting Unc -n=- I0adrifViwc *

1 Film Ef 1Help Whew

83 14

Figure 3-23. WindowsTM PLL Glauert Coefficients Dialog Box

PLL initializes the dialog box with the sine series coefficients for the component

circulatun distribution for the most recent run of the current project. The user may

specify changes to the coefficients as a fraction of the first coefficient. After the dialog box
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is terminated PLL performs the normal hydrodynamic calculations, alters the circulation

distribution as specified, and reperforms the hydrodynamic calculations.

* If there is an image hub, a ring, or a zero gap duct, the Steepness dialog box is

initialized with hub and tip control point radii and circulation values. The user may select

the exponent to be used to unload the hub and tip. Figure 3-24 shows the multiple

component Steepness dialog box.

MIT- "" Lifing Unc P -fe "- Im1de Vicw] I1:
File EditHelp '4s #
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Figure 3-24. WindowsTM PLL Steepness Dialog Box

After the Steepness dialog box terminates, PLL calculates and displays, using the Unload

Coefficients dialog box, the percent unloading that may be accomplished with the specified

steepness exponent. The user may input the size of the coefficient to control the amount

of unloading. The multiple component Unload Coefficients dialog box is shown in figure

3-25.
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Figure 3-25. WindowsTM PLL Unload Coefficients Dialog Box

The final two options available at run time are not mutually exclusive of each other
or the options described above. The user may elect to have PLL write PBD B-spline input

files in preparation for running the project using the PBD portion of the PLL WindowsTM

application. The user may also elect to reset the blade input values with current values4
determined by the previous PLL run.

3.3.4 The Output and Plot Viewer Windows.

The WindowsTM PLL application uses the PLL FORTRAN executable to generate
the same text output files that are created by the original version of PLL. In order to
provide the user with an improved interface, PLL draws the output files to screen in the
Output Viewer window. Figure 3-26 shows the Output Viewer window with a summary

report displayed.
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Figure 3-26. WindowsTM PLL Output Viewer

The Output Viewer window may be used to view all of the text reports generated by PLL.

The reports available depend on the type of project, and may include a summary report,

* detailed reports for each component, the results of the blade stress and ABS Rules

strength calculation, a duct geometry file, a file describing the velocities far downstream of

the propulsor, and non-axisymmetric stator output files describing the circulation on each

* blade, the forces on each blade, the velocity harmonics, and a comparison of axisymmetric

and non-axisymmetric results.

The user may page through the results in a pre-defined order by double clicking

* the left mouse button while the cursor is on the Output Viewer window. A vertical scroll

bar is provided since some files are greater than one page in length. The user may also

choose the text display color from four choices (blue, green, red, and black) by double

* clicking the right mouse button while the cursor is on the Output Viewer window. 0
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The WindowsTm PLL application also uses the PLL FORTRAN executable to

generate a data file used to provide the same plots available from the original version of

PLL. In order to provide further improvements in the user interface, PLL plots the output

parameters versus non-dimensional radius in a series of four screens in the Plot Viewer

window. Multiple component propulsor parameters may be displayed one component at a

time or the two components may be displayed together. Figure 3-27 shows the Plot

Viewer window with two components plotted together.
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Page 2- Effective Axial Inflow Velocity, Induced Axial Velocity, Tangential Inflow

Velocity, Induced Tangential Velocity

Page 3- Thickness Distribution Input, Drag Coefficient, Circulation Input,

Circulation Calculated

Page 4- Local Lift Coefficient, Local Torque Coefficient, Local Thrust Coefficient,

Local Cavitation Number

The user may page through the four screens in the pre-defined order by double

clicking the left mouse button while the cursor is on the Plot Viewer window. The user

may also shift between the first component plot, second component plot, and combined

plot by double clicking the right mouse button while the cursor is on the Plot Viewer

window.

3.3.5 Additional Capabilities.

The WindowsTM PLL application provides a few capabilities in addition to those

described above. Figure 3-28 shows the File pull down menu.
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Figure 3-28. WindowsTm PLL File Pull Down Menu

In addition to the selections described previously, the user may also choose the FilelPrint

PLL Plots, FilelPrint Output, or FilejWrite PLL Output File selections.

The FilejPrint PLL Plots selection calls the Print dialog box to allow the user to

select the plot screens to print and the number of copies. In the case of multiple

component propulsors, all three available plots will be printed for each selected page. The

FilelPrint Output selection calls the Print dialog box to allow the user to select the text

output pages to print and the number of copies. The FilejWrite PLL Output File calls theD

Save As dialog box to allow the user to choose an output file name. After the dialog box

terminates, the program writes all of the output text files viewable in the Output Viewer
into a single data file with the name selected by the user. .

3.3.6 The MIT-PLL Help Program.

The MIT-PLL Help program is a stand alone WindowsTm application designed

specifically to provide extensive on-line assistance to the PLL user. The program provides
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help on a wide range of topics. Pull down menus are provided for the following general

areas:

PLL User's Manual-the PLL user's nnmua tailored to fit the PLL WimdowsTM

application provides information on the theory and operation of the FORTRAN
S

executable. Figure 3-29 shows the MIT-PLL help program with the focus set to the PLL

User's ManualNChapter 3: Optimum Load DistributionsýMulti-Component

Propel Contra-Rotating Propellers selection.

Cho We:' LW~ MP Fern. NI ukupih 1

Chapow 1 Pr and P"•Wld SW=u

UD

4t~t $-- IL

Figure 3-29. WindowsTM MIT-PLL Help Program

PBD User's Manual-the PBD user's manual tailored to fit the PLL WindowsTM

application is also provided in an on-line format. The sub-headings provide information I

on the theory and operation of the FORTRAN executable.

Main Menu-the selections from this pull down menu provide information on the

operation of the PLL main menu selections. I
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Features-the selections from this pull down menu provide infornmtion on the

"operation of the PLL viewer windows as well as general information on running PLL.

Help-the selections from this pull down menu provide information about the

operation of the help program.

"The MIT-PLL File menu allows the user t, print the currently displayed topic or to

exit the program. Figure 3-30 shows the MIT-PLL Help program with the FeaturesjWake

Viewer selection displayed.

I
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Figure 3-30. WindowsTu MIT-PLL Help Program with Help Displayed

* 3.3.7 The MIT-PLL Editor Program.

The MIT-PLL Editor program is a stand alone WindowsTm application that is used

to edit PLL blade, wake, overall input, and non-axisymmetric stator files. The program is

• started by selecting EditIBlade/Wake from the PLL main menu. The user may open a PLL

file for editing by selecting one of the four file types from the Open pull down menu.
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Figure 3-31 shows the MIT-PLL Editor program with the focus set to the OpenjBlade

4 selection and an open blade file.

S.ewe

4.4 1.

Fiur 3-3. NU-L Eio

0 mi.

0.0 0.1 0.C: O.* 0.1 0.3 0.0 0.q 0.0 0.9 1.0

* I

Figure 3-31. MIT-PLL Editor

6 PLL blade input files are displayed as a series of plots of parameters versus non-

dimensional radius or angle, as appropriate. The user shifts between parameters by double

clicking the left mouse button on the "Next Parameter" box on the screen. The user may

* alter parameter values by clicking the right mouse button on the graph at the desired 1

value. The program then draws the data point with the nearest non-dimensional radius as

a revised point at the indicated location. The user may add a new radius by double

* clicking the left mouse button on the "Add Radius" box. Figure 3-32 shows a blade chord

plot with the record plot and a revised plot with reduced chord length. The Add Radius

dialog box is shown with a new radius value entered.
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Figure 3-32. MIT-PLL Edit Process

4
When the user adds a new radius, it is added to the revised curve with a value interpolated

between adjacent point values. When the user is satisfied with the revised curve. he or she

may update the data by selecting FilelUpdate Data from the main menu. If the user wishes

to discard the current revised curve and return to the record data, he or she selects

FileiReset Data from the main menu.

The final step in the edit process is saving the revised file. The Save pulf down

menu offers the option of saving blade, wake, overall input, or non-axisymmetric stator

files. These selections allow the user to overwrite the original file that was edited or to

save the current data under a new filename. The MT-PLL Editor program then writes a
* p

standard format PLL file, readable by either the WindowsTm PLL application or the

original version.

The edit process for wake files is similar to that for blade files. Figure 3-33 shows
* p

the edit process in progress for a wake file.
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Figure 3-33. MIT-PLL Wake File Edit Process

PLL wake input files are displayed as a series of plots of sine and cosine harmonic

coefficients versus non-dimensional radius for axial, radial, and tangential velocities.

Editing is performed as described above.

Non-axisymmetric stator files are displayed and edited differently than blade and

wake files. Figure 3-34 shows a non-axisymmetric stator file in the edit process.

I

II
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Figure 3-34. MIT-PLL Stator File Edit Process

Non-axisymmetric stator files are displayed in a polar plot format with the plot angle being

the blade angle, zero at the top and proceeding counterclockwise. The magnitude of the

point indicates the fraction of mean load for each blade. In order to change the location

and/or loading of a blade, the user clicks and drags the point to the desired angle and

loading using the right mouse button. The user may call a dialog box to add a new blade

angle by double clicking the left mouse button on the "Add Blade" box. New blades are
I

added at a load of 1.0. The mean values of the blade loadings for the revised and record

plots are calculated and displayed in the plot legend. The process of updating, resetting,

and writing revised stator files is the same as described above for blade files.
I

Overall input files are displayed and edited differently than blade, wake, and stator

files. Figure 3-25 shows the MIT-PLL editor program with an open overall input file.

6 I
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ft Open Save E* Help

PIOPELLEN LIFVIPN LINE RUN: 410#1t1i
OUVEALL INPUT FILl: RUCT.AP

So.S4i11a1 ........ . ship speed (ftiuve)
1.29104I .......... Fluid Density

i.UIoe .. .............. Shaft centerline depth (;t)
2 . . . . . . . .IHUiMr of components
V .......... Ifage hub to he used
V .......... 9^49e duct to be used
I-Slon ...... -[Ducet chord length)ItComponent *1 diameter) p
M.ISSN .......... Drag coefficient for the duct
9.5H . . ..... . (Duct thickness)t(Component 21 diameter)
11.411O .... .......... Duct diameter (ft)
o-g ---................ n-ial location of duct mio-chord tft)
-1.2SOS. ... ........ Axial location of component I Ift)
5 .......... tumer of blades on component I
1l9-91 .. ............. Diameter of component I (ft)
simple-bid File containing glade Inputs for co•p- i
11.111111 .... .......... Diameter of wakle for component I (ft) •
sample.eak File containing wake inputs for camp. i
1.1S1111--- -- ---------- ial location of component 2 (ft)
k .......... mer of blades on component 2
11.111110 .... .......... Diameter of component 2 Cft)
sample.bld File cont.-ting blade inputs for camp. 2
1l-llll.. --........... Diameter of wake for component 2 (ft)
sample.Oak File containing wiae inputs for coop- 2

Figure 3-35. MIT-PLL Input File Edit Process

Overall input files are displayed in text format on the screen. Changes are made by •

making the EditjInput Data selection from the main menu and using the dialog box

provided. Figure 3-36 shows the Two Component - Ducted Input dialog box.
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Figure 3-36. MIT-PLL Two Component - Ducted Input Dialog Box

Revised overall input file data is saved by using the Savellnput selection from the main

menu and using the Save As dialog box to replace the original file or to create a new file.

The MIT-PLL Editor program Help pull down menu includes information on the

program, presented in the form of message boxes. The FilelPrint selection may be used to

make a hard copy of the current file.

3.3.8 Running PBD.

The user may elect to run the PBD portion of the WindowsTm PLL application in

two different ways. The first way is to cause the necessary B-spline file to be written by

running the current project with the Write PBD files option selected in the PLL Runtime

dialog box, and then selecting FileiRun PBD from the main menu. This will allow the user

to select the CURRPBD.PBD file, which is written by PLL with the settings in the PBD
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Settings dialog box, using the Select PBD Admin File dialog box. The program then calls

the PBD FORTRAN executable.

01) The second way to run PBD is to select FileiRun PBD from the main menu and

then use the Select PBD Admin File dialog box to run a previously prepared project by

selecting the appropriate main administrative file. The program is designed to be

compatible with files written for the original FORTRAN version of PBD. This may be

done without a PLL project being open or without first running the open project.

Running PBD has no effect on the Blade and Wake Viewer windows, but PBD

output is added to the data displayed in the Output and Plot Viewer windows. The data

displayed in the Output Viewer window changes only by the addition of a screen with the

PBDOUT.KTQ file. Figure 3-37 shows the Output Viewer window with the

PBDOUT.KTQ file displayed.

* ~-IFilm Edk Help Wimiaw

ri:-f table 1: "=&L. 1"C:2.ar'-C0" .0 W
-----A.C~a2Uof ULMM AM TRoaoz :o"5XC2WSu----

o.:ooo 0. -1= :.6-34 0.019

O.:OGo 0. 442"? :.?gig O.Oi7

0-:063 0.4420 :.eL 0.629

0-:070 0. 44;.2 :."60 0.652

0.:.. o.6*5 :*,z, 0.050

0.:o04 0.4'. :.#lag 0.9%0

0.:090 0. 62 :.02t7 0.110

-- - - - - - - -- - - - - - ---- - - - - - - -

Figure 3-37. MIT-PLL Output Viewer with PBD Output
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O After a PBD run, the Plot Viewer window displays a number of additional pages.

The first is a diagram of the input blade B-spline control net and the resultant blade in the

form of a wirefiame diagram. The second additional page is a wireframe diagram of the

output blade grid for each blade on the propulsor, the centerbody, the transition wake, and

hub and duct images as applicable. The third page is a plot of the velocities at the blade

control points. The next is a contour plot of the bound circulation strength. The fifth

additional plot is a plot of the radial circulation distribution. The final additional page is a

Circumferential Mean Velocity Plot. Figures 3-38 through 3-43 show each of the

additional pages.

*FIIm Ed Help wi#

DIPUr 8L.AE 10) MI 10-SPLINE MEt

* 4

Figure 3-38. MIT-PLL Plot Viewer with PBD Input Blade
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Figure 3-39. MIT-PLL Plot Viewer with PBD Output Blade and Centerbody

Figure 3-40. MIIT-PLL Plot Viewer with PBD Control Point Velocity Plot
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Figure 3-41. MIT-PLL Plot Viewer with PBD Bound Circulation Contour Plot
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* Figure 3-42. MIT-PLL Plot Viewer with PBD Radial Circulation Distribution Plot
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Figure 3-43. MIIT-PLL Plot Viewer with Circumferential Mean Velocity Plot

• The user may elect to view the PBD output in the Plot Viewer from a different

orientation and/or in a different scale. This is accomplished by double clicking the right

mouse button on the Plot Viewer window when a PBD plot is being displayed. Figure 3-

44 shows the PBD Plot Geometry dialog box.

4
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* 4 Figure 3-44. MIT-PLL PBD Plot Geometry Dialog Box

Figure 3-45 shows the result of altering the orientation and scale for the plot shown

behind the dialog box in Figure 3-44 above.
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Figure 3-45. MIT-PLL PBD Plot with Altered Orientation and Scale
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4. CONCLUSIONS AND FURTHER WORK

4.1 Conchokmm.

The stated purpose of this thesis was to demonstrate the kasibility and desirability

• of the employment of personal computers in hydrofoil and propeller design. The approach

was incremental in nature, focusing first on relatively simple FORTRAN codes from the

MiT Hydrofoils and Propellers course. The process proceeded through the design and

* implementation of an integrated application that provides a seamless link between PLL

and PBD.

The resulting applications are considered to have achieved the goal of

• demonstrating the feasibility and desirability of the employment of personal computers in

hydrofoil and propeller design. The applications provide enhancements in the user

interface, in terms of input, output, on-line help and portability as well as a reduction in

• the total time required in the design process.

4.2 Further Work.

* Further work in this area can be grouped in three distinct areas. The first area is

expansion of the PLL WindowsTM application to provide the user with a more complete

range of propeller design tools. The application could be expanded to provide seamless

* links to codes that analyze cavitating propellers, that perforn steady and unsteady

analyses, and that produce the inputs necessary for the computer aided manufacturing and

inspection processes.

* The second area for further work involves improvements to the existing code

without alteration to the appearance or operation of the programn. The program as it

exists is the product of an evolutionary development. Initial versions of the program did

* not include all of the capabilities of the final version. As a result, there are inconsistencies

in the appearance of the code depending on the point in the process at which it was
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I writteit. Given unlimited time, it would be a straightforward task to revise the code in
order to take advantage of the learning curve and make the code more uniform in its

design and faster in its execution. This would result in improvements that are only

cosmetic in nature and, as previously stated, would do little in terms of improving the

usefulness of the program.

The third and final area for further work includes improvements to the PLL

WindowsTM application produced as a part of this thesis. Some of the possible

4 improvements are listed below.

-Incorporate graphical output specific to duct geometry and ring geometry into the

* plots available in the Plot Viewer window. 0

-Incorporate grarhical output for non-axisymmetric stator blade forces, wake

velocities, and circulation distribution into the plots available in the Plot Viewer window.

• -Add the capability to display pre-existing PBD output files in the Plot Viewer

window or a separate window that may be created and closed by the user during program

execution.

* -Incorporate the MIT-PLL editor program into a window in the PLL program to

allow the user to make blade, wake, stator, and overall input file changes more rapidly

during the design process.

* -Incorporate a "tool bar" or "tool pallete" comprised of speed buttons to allow the

user to quickly make common selections by clicking on a button displayed on the screen

instead of using the main menu.

* -Redesign the MIT-PLL Help program as a standard WindowsTM Help program. I

-Incorporate a capability for the user to input circulation distributions directly as

Glauert coefficients.

• -Redesign the dialog boxes in order to provide a more intuitive user interface.

-Implement the application for the UNIX operating system.
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The implementtn of any of these recommendations would provide tangible

improvements to the software system presented in this thesis.
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APPENDIX A

Hydrofoil Vortex Lattice Lifting Lime Program Code.
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APPENDIX A.1

The VLL WinMain function.
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SA.1 The VLL WinMnin function.

The WinMain function is the main entry point for an application. The WinMain

function for VLL is shown below. For the purposes of this thesis, code will be depicted in

a smaller font to distinguish it from main body text. Note that all text that falls between an

occurrence of N/*" and the next occurrence of U*/" is interpreted by the compiler as a

comment. Also note that the text following an occurrence of "// on a given line is also

interpreted by the compiler as a comment.

* the WinMain function creates the main window *

int PASCAL WinMain(HINSTANCE hlnstance, HINSTANCE hPrevlnstance,
LPSTR IpCmdParam, int nCmndShow)

* variable declarations *

char ProgNamel I = "Hydrofoil Vortex Lifting Line"; //program name

SHWND hWnd; /i/handle to the main window

MSG msg; I/a Windows message structure

lldefine and register the window class, if an instance of this application
/is not already running

ift hPrevlnstance){

WNDCLASS wndclass;

wndclass.lpszClassName = ProgName;
wndclass.lpfnWndProc = (WNDPROC) MainWndProc;
wndclass.cbClsExtra = 0;
wndclass.cbWndExtra = 0;
wndclass.hlnstance = hlnstance;
wndclass.hlcon = Loadlcon(hlnstance,"NEWICON");
wndclass.hCursor = LoadCursor(NULL, IDC_ARROW);
wndclass.hbrBackground = (HBRUSH) (COLOR_WINDOW + 1);
wndclass.lpszMenuName = "MainMenu";
wndclass.style - CS_VREDRAW I CSHREDRAW;

if(IRegisterClass(&wndclass))exit(O);;

ghlnstanc• = hinstance;
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W

Ilcreate and dilay window of the wnddass

ShWad = CreateWindow(ProgNameHydrofoil Vortex Lifting Line-,
WS.OVERLAPPEDWINDOW,
CWFUSEDEFAULT, CW USEDEFAULT,
CWUSWEaUL, CWiUSEDEFAULT,
NULL, NULL, Madame NULL);

ShowWindow(hWnd, nCmdShow);

UpdateWindow(hWnd);

I/while the widow exists, remive and process Windows messages

while (Ge&essge(&msg, NULL, 0, 0))

4Transhaeesg(is)
DispatchMessage(&msg);

return msg.wParam;

p 4
When viewed for the first time, and particularly without the benefit of experience

with the C programming language, the logic and operati6n of a WinMain function is not

4 intuitively obvious. For that reason an extensive explanation of this particular WinMain

function is provided here.

The function prototype for the WinMain function, shown here, indicates that the

function returns an integer value and that the PASCAL calling convention is used.

int PASCAL WinMain(HINSTANCE hnstance, HINSTANCE hPrevlnstance,
LPSTR IpCmdParam, int aCmdShow)

The integer returned is msg.wParam, which consists of information regarding the message

processed by the WinMain function. The value returned, however, is not currently used

by WindowsTM. The PASCAL calling convention is employed because of its efficiency in

4 passing variables between functions.

The WinMain function receives four parameters from WindowsTm. The first is the

HINSTANCE hlnstance. This is a 16 bit handle to this instance of VLL. The

4 1 hPrevInstance parameter is a handle to the most recent instance of VLL that is still
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0
* running. It will be NULL or 0 if there are no other instances running. The third

* parameter is a LPSTR, which is a 32 bit pointer to a character string. A pointer is a

(•) variable used to store a memory address. The nCmdShow parameter is an integer value

that indicates how the program will be initially displayed.

* The first three lines of code in the WimMain function are declarations of automatic

variables. An automatic variable is declared inside a function and is therefore private to

that function. The variable only exists for the duration of the function call, and memory

* allocated for the variable is freed when the function returns.

char ProgName[ I = "Hydrofbil Vortex Lifting Line"; lprogram name
HWND hWnd; /handle to the main window
MSG rawg Ila windows message structure

The variables declared in this WinMain function are of three types. The first is an array of

* *character (char) type data known as a string. The name of the variable is ProgName. As

ProgName is declared it is also initialized with the value, Hydrofoil Vortex Lifting Line\O.

The *\0" is NULL string terminator. The compiler automatically determines the size of

the array necessary to store the characters, including the string terminator.

The second variable declared is of the HWND type. A HWND is a 16 bit handle

to a window. The handle is used by WindowsTM to identify the window created by this

particular WimMain function.

The third variable is a WindowsTM message structure. The concept of object-

oriented programming is that "objects" exist in the form of data structures and are

* operated on by various functions 14. A message structure includes six separate pieces of

information. The details of the message structure can best be seen by analyzing the

declaration of the structure, shown here.

6 14I•4 PedWt*ropz g WindouwTh M ( d. Wman: Miamoft Puu 199V)p. 17.
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0 typoedef aatao= M { / / mo,
HWND hW144~ UD=NF
"WPARAM wBPKam
LPARAM Pmaam

POWN
PASO;

The typedef keyword assigns MSG as the name of the structure defined in the

statement. The window handle, hwnd, is the handle of the window that receives the

message. The unsigned integer, message, is message number. The WPARAM, wParam,

is a 16 bit signed parameter passed with the message. The LPARAM, lParam is a 32 bit

signed parameter passed with the message. The DWORD, time is a 32 bit unsigned

integer which specifies the time when the message was posted. The POINT, pt, is a point

6 data structure that contains the integer position in screen coordinates of the cursor at the

time the message was posted.

The next step in initializing the program is to register a window class. If there is

0 •no previous instance of VLL running, then a window class is defined and registered. The

window class is defined by filling in a WNDCLASS structure. The details of the window

class structure are shown below.

typedef struct tagWNDCLASS ( /* w*
UINT style;
WNDPROC lpfnWndProc;
mt cb•lsExra-
ml cbWndExtua
•INSTANCE hInstance;
HWCON hicon;
HCURSOR hCursor;
HBRUSH h u
LPCSTR lps~Men~a
LPCSt IpszCuasName;
WNDCLASS,

The style is an unsigned integer that tells the WindowsTm environment how to

a handle windows of this class. The lpfnWndProc parameter is a 32 bit pointer to the
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address of a function that will handle messages passed to the program. The cbClsExtra

and cbWndExtra integers are amounts of extra bytes allocated for use by the programmer.

wThe hlnstance handle informs W'mdowsTu which instance of the program owns the

window class. The handles, hlcon, hCursor, and hbrBackground specify the specify the

program icon, cursor, and client area background color of the windows created using this

class.

The lpszMenuName is a 32 bit pointer to a character string that indicates the name

of the main menu to be used by the program. The lpszClassName is a pointer to a string

that specifies the name of the class.

The code below checks to see if there is a previous instance of VLL running using

4 the if(!hPrevlnstance) statement. If there is no previous instance, then the steps within the

braces are executed. First, a WNDCLASS structure variable, wndclass is declared and

initi . It should be noted that a variable naming convention called Hungarian notation

4 is used for the data contained in structures. This convention consists of using a relatively

short prefix, the variable name, and a longer descriptive suffix to indicate the specific

parameter of the structure.

iA~hPrelstancc)(

WNDaASS wndclas;

wndclda.IpszCbssName = ProgName;
Swnddass.LpfnWndProc = (WNDPROC) MainWndProc;

wndcIs.cbClExta 0;
wdnass.cbWudExta = 0;
wnddass.hIlnstanc = hInstac.;
wndclasLhlcon Loadlcon 'lNEWICONl);
wndcba.hCursor - aLdCurso(NULL, IODC_ARROW);

4 wn s.bbrBaddcund (HBRUSH) (COLORI WDOW + 1);
waclass.lpsMenuName - "ManMenuf;
wnadmstyle = CSVREDRAW I CSEREDRAW;

ifURegisterCla(&wndcass))exit(O);;

4

The parameters of the window class are initialized with the values that follow:
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* Iea~assame address of the character array, Progname
IpfuWndProc address of the function MainWndProc

cbClExtra 0 extra bytes

cbWndExtra 0 extra bytes
hInstance a handle to this instance of VLL

hIcon the handle of the icon loaded by the LoadIcon statement

hCursor the handle of the cursor loaded by the LoadCursor statement
hbrBackground the handle to the brush currently set in the WindowsTm Control

Panel program

lpszMenuName the name of the top level menu to be used
style CS_VRWRAW I CSH-REDRAW are two window class styles,

combined by the C logical "or" operator, that control the way

WimdowsTM redraws the application window

After the window class structure is filled in the program registers the class using

the RegisterClass function. The RegisterClass function receives a pointer to a

WNDCLASS structure and returns an atom that uniquely identifies the class. An atom is

a 16 bit integer handle that identifies a character string. If the RegisterClass function fails,

the program is terminated by the exit statement.

The ghInstance = hlnstance; statement saves a copy of the handle to this instance

of VLL in the global HINSTANCE variable, ghInstance. The global variable will be used

later in the program to create temporary windows called dialog boxes.

The following code is used to create and display thtL window:

hWad CreaeWndow(ogNamenHydr" Vortex Lining Line",
WSOVERLAPPEDWINDOW.
SCWUSEDEFAULT, CWUSEDEFAULT,
CWUSEDEFAULT, CWUSEDEFAULT,
NUfl NLUL, Untac NULL);
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ShOWWWWiao(hn RCmndSbOW);

* Jp.sJaoba)

The CreateWindow fivnction takes I11 parameters and returns a handle to the

* window created. A description of the I11 parameters follows:

LPCSTR lpsxClassblame pointer to the registered class name

LPCSTR lpszWindowName pointer to the window text

DWORD dwStyle window style

tnt x horizontal position of window

tnt y vertical position of window

int nWidth window width

Tnt nHeight window height

wnHW re hwndParent handle of parent window

HMENU hmenu handle of menu or child-window identifier

HINSTANCE hinst handle of application instance

void FAR IlpvParam pointer to window-creation data

The ShowWidow function receives two parameters, the handle of the window to

be shown and the integer nCmdShow which defines how the window should iitially be

displayed. The function causes the specified window to be displayed on the screen in the

specified •maner. The UpdateWindow function takes the handle to the window and sends

a WMPAINT message to cause the window client area to be painted.

The last statements of the WinMain ffnction are the message loop. The message

loop receives messages from W'mdowsTm, translates them, and sends them to the window

procedure for processing.
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* Tr •I.~ ap(&in);

nma n,•wFanrmK

7 The GetMessage finction receives messages from the application message queue

and fills in the MSG structure. The function returns "0" upon receipt of a WMQUIT

message. The loop is then terminated and the program ends.

* Virtual key messages are translated by the TranslateMessage function. The

DispatchMessage function sends messages to the window indicated by the msg.hwnd

window handle.

* It is important to note here that the GetMessage, TranslateMessage, and

DispatchMessage functions do not receive the message structure itself, but the address of

the message structure, &msg. The ampersand is the address operator. When followed by

* * a variable name, it indicates the address of the variable. In the C programming language,

functions may not operate on the arguments that are passed to them. Since the purposes

of these functions include operating on the data contained in the message structure, the

* address of the structure must be passed.

9
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APPENDIX A.2

* e

The VLL MainWndProc function.
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A.2 Tmb. VLL MaiWnfdProc functio..

The MainWndProc function is referred to as the window procedure. It is actually

a callback finction that uses a switch in processing and responding to Windowsm

messages. The MainWndProc for VLL is shown below.

9*S********* *******************************I

*the MainWndProc fnctio handlks input and window management messages

LRM T CALLBACK _eport MainWWn ( hWND , UId. UM

WPARAM wParam, LPARAM Ularam)

switch (message)
{

cas WMr COMMAND:
{

/this case rfeas menu selections to the WMCommandHandler function

return HANDLE WMD Wnd, wParam, Waram, WMCommandHandler);

@)

cas WMCREATE:
{

/this cas initialize two global variables upon creation of the
/ main window

HDC tempDC; //handle to a temporary device
II/context

//get a handle to the screen device context

StempDC - OetDC(hWnd);

/detemine the width of the display in pixels and the height of the display
H in raster lies and cast them as floats

width = (float)Ge~eveCaps (tmp]DC. HORZRES);

4 height = (floW)GetDevceCaps (tempDC, VERTRES);

//since the normal display aspect ratio is 4 to 3, ensure that the graphical

fl/output made by the program is in that aspect ratio

iI((wkih/height)>(4.O/3.O))
width - height(4.0/3.0);

height width*(3.0/4.0);
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/relwe the Owbindl to the device Coauxt

RhhauDC(hWndftempDC);

febuu 0;.

* ~cue WM PAINT:

/Ado cue handles paintin the screen

HDC PaintDO, //bandle to a device
fl context

PA1nTM~UCr ps, //paint structure

I/prepare Maid for painting and fill the paint structure, pa

Pa~ntDC - Begi&ant(hWnd, &.ps);

//paint the data box whenever the screen is repainted

paiwtdatRbox(PantDC);

* I~/paint the graphs if vortex has been run and the variable data has not
fl/changed since vortex was run

if(run~flag

pantjgraphs(Paind)C);

4 I~/mark the end of paintng hWnd and return 0

EndPaintOWnd, 4ps);

return 0;

case WM DESrROY:

I/this cae handles requests to exit the program made by methods other than
fl the main mn

//debete the temporary plot data file if it was created

if~accessplotdaLtmp, 0) - 0)

unlinkrplotda~tmj);

POStQuitm~essage(0);
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mrae f DWiadow c (hWa. memse, wim, Mum);

1 The fniction prototype for the MainWndProc function is shown below.

LRESULT CALLBACK _export is the return type of the finction. It tells the compiler

to add the code required to allow the WindowsTM operating environment to call the

* function. The four parameters passed to the window procedure are the same as the first

four parameters of a message structure. This is not surprising since the purpose of the

MainWndProc function is to respond to messages. The window handle is passed because

*l, any given program can use a number of different windows. The unsigned integer specifies

the type of message being passed. The information passed in wParam and IParam varies

with the message type.

LRESULT CALLBACK -expot MaiWndProc(HWND hWnd, UT message
WPARAM wParam, LPARAM IParam)

The next code encountered in the MainWndProc function is a switch. In C, a
0

switch first evaluates the expression contained in the parentheses for an integral value.

The program then branches to the case corresponding to the value of the expression and

continues execution until a break statement or the end of the'switch is encountered. A

default case may also be specified. Any value of the expression not corresponding to one

of the other cases causes the default case to be executed. In the case where there is no

default and no case is matched, the cases are skipped and execution continues with the

code after the switch.

In the case of the MainWndProc function, the expression evaluated is simply the

unsigned integer indicating the message type.
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This switch responds to four cases, WMCOMMAND, WMCREATE, WM_PAINT,

and WMDESTROY. These cases are messages sent to the MainWndProc by the 0

WindowsTM environment.

The WMCOMMAND message is sent when the user makes a menu selection

using the mouse or an accelerator key. It can also be sent by a control in a dialog box

owned by the main window. When the WMCOMMAND message is received by the

MainWndProc function, it refers the message to the WMCommandHandler function by

calling the HANDLE_WM_COMMAND macro. The HANDLE_WMCOMMAND t

macro breaks messages down into a form that can be used by the WMCommandHandler

function. The MainWndProc function also returns the value returned by tiac

HANDLEWMCOMMAND macro, indicating to the WindowsTu environment if the 6

message was handled.

case WM COMMAND:

(

//this case refers menu selections to the WMCommandHandler function

return HANDLEWM COMMAND(bWnd, wParam, WParam, WMCommandHandler);

One of the most attractive features of the WindowsTM environment is its device

independence. In order to build device independence into the VLL application it is

necessary to assess the capabilities of the output devices used by the program and tailor

the output accordingly.

The WMCREATE message is sent after a window is created but before it is

displayed. The WMCREATE case is used to initialize the global variables width and

height, which are used to scale the output that is drawn on the monitor. Note that global

variables are variables that are made available to all of the functions in the program by

declaring them external to any function definition.
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ce WMCREATE:

/Ahi case initializes two -~ vafr1bes upon creation of the
# ON" window

HDCtempDC, IMandle to a tempraray device

/lit a handle tothe acrees device coext

teqVDC - GcetDWWnd);

//Idenrie t= width othe d in p and the height of te display
Il in nowr lines aund cam them as floaft ;

width = (fo•W)GeDeviceCaps (tmpDC, HORZRES);
height - (foAu)GetDeviceC•s (tempDC, VERThES);

//since the normal display aspect ratio is 4 to 3, ensure that the graphical
#/ outIpt made by the program is ian tat aspect ratio

if((widdkhsbt)>(4.0/3.0))
width - height*(4.0o3.0);

height - width*(3.0/4.0);

//release the handle to the device conext

ReaaseWCaodts;pDQ;

return0•,

The first thing done in the WMCREATE case is to declare tempDC as a handle

to a device context. A device context is the link between a WindowsTm application, a

device driver, and an output device such as a monitor. The next statement uses the

GetDC funcion to assign the value of the handle of the main window device context to

tempDC. Once this is done, the case uses the GetDeviceCaps function to retrieve the

width of the monitor display area in pixels (HORZRES) and the height of the monitor

display area in raster lines (VERTRES). The integer values returned are cast as floating
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point values because the width and height variables are declared as global floaiting point9

variable&

Moat but not all device contexts have a horizontal to vertical aspect ratio of 0
640/480, or 4/3. The screen and printer output functions written for VLL assume a

display area size of 640 pixels horizontally and 480 raster lines vertically and use the width

and height values to scale the output to fit the device context. This prevents the output

from being distorted in aspect ratio or scale when drawn on a device with a different

aspect ratio or a different display resolution. The values of width and height are forced to

the appropriate ratio by evaluating the aspect ratio of the device context and constraining

the value of width to 4/3 of height if the aspect ratio is greater than 4/3, and constraining

the value of height to 3/4 of width if the aspect ratio is less than 4/3. S

After using the device context, the program must release it so it may be used by

other applications if necessary. This is accomplished by the ReleaseDC command. The

final step of the case returns "0", indicating to the WindowsTm environment that the ' •

message was handled by the MainWndProc function.

The WMPAINT message is received when either the application or the

WindowsTu environment requests that all or part of the client area be redrawn. This could

occur if the window were resized or if the data to be displayed changed.

cae WM.PAINT: {

/lAis case handles painting the screen

HDC PaintDC; I/handle to a device
H conext

PA, TTRr UC'r pr, //paint structure

//prepare hWad for painting and fill the paint strcture pa

PaixtDC - .eginPfanWnd, fpi);

//paint the data box whenever the screen is repainted

paint dmabox(PaintDC),
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I/piti thep a•m if vortex bee nma and the variable dMa bu nm +
II cbuagd dme vorex wn ram

/luuk the end of pialtag MaWd and return 0

EaiaaiehtWnd, ,ti); .

)

The WM PAINT case declares two variables. The first is a handle to a device

context, PaintDC in this case. The second is a paint structure, ps. A Windowsr' paint
I

structure is declared as fbllows:

typedefruct tgPAIMTSTRUCT { P pa*/
HDCMhd
nooL Mine; ,
RECT rcait
BOOL fitoff.
DOOL nacUpdaw;
BYTE rgbem ( 161;
PAMNTSTRUC;

The first parameter is a handle to a device context. The second parameter is a 16 bit

boolean value indicating whether or not the background needs to be redrawn. The third

parameter is a WindowsTm rectangle structure that specifies the upper left and lower right

corners of the rectangle to be painted. The remaining parameters of the PAINTSTRUCT

are used internally by the WindowsTm environment.

A Windows1 1' rectangle structure is declared as follows:

typeddmef mseu gECr {/* rcl

imp;,

let right
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)RECr +
The purpose of the left and top parameters is to specify the Cartesian coordinates of the

upper left corn of the recangle. Th right and bottom parameters specy the

coordinates of the I 'er right corner.

The WM_ ..- T case uses the BeginPaint function to prepare the main window

for painting and to fill the paint structure with the data necessary for painting the window.

The BeinPaint function receives the handle of the window to be painted and the address

of the paint structure to be used and returns the handle of the device context. Once this is

complete the case calls paintdatibox, a function written specifically for the VLL

application to paint the current data selections on the screen. If the current data set has

been processed by the part of the program that performs the actual hydrodynamic

calculations, as indicated by the state of the integer variable nnflag, the case also causes

the graphs to be drawn. This is done by c" ,e paintgraphs function, another

function written specifically for the VLL app. Aen. * *
After the painting is complete, the EndPaint function is called to mark the end of

the painting process. The case then returns "0" to indic*te *hat t*A w, ssage was

processed by the MainWndProc function.

The final case in the switch is WMDESTROY, which is shown beow. This case

handles requests to terminate the program made by methods other than the main menu

FileW~xit selection. The access function is used to determine if the temporary plot data file,

plotdat.tmp exists and deletes the file if it does exist.

The access function receives a file name and an access code. The access code "0"

causes the function to check for file existence and return "0" if the file does exist. The

unlink function deletes the specified file.

case WMDESTROY: {

I/Ah cae handles requess to exit the pmp made by metwd other than
# the mmai -o
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/hakJ I the IMPOrY lot de filk if itw cWesa d

i~seuuCphA.bq, 0) - 0)

PemQ~h~emge( );

)

The WMDESTROY case then posts a mesage to the WindowsTm environmest

requesting to tenrinate execution and returns "0', indicating that the message was handled

by the MainWndProc function.

The last statement in the MainWndProc, shown below, refers messages not

processed by one of the four cases in the switch to the default window procedure. The

DefWindowProc function processes the message and returns a value which is then

returned to the WindowsTm environment.

return DefWindowPooc (hWnd, ma wPtrnm, fPfarm);

10
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APPENDIX A.3

The VLL WMCommamd Handler functio..
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A..3 of aL mainman Baenue tnciIn

The WMCommandHandler function provides the functionalityofaunmeut

a Windows"' programn. The WMConumandHandier function used by VLL is shown

below.

void WMComnmnd Haniler(HWN hWnd, int Kd HWND hwadCtl, UINT codeNotify)

DLGPROC dlgProc, //poiate to a dialog procedure

/Abis switch handles the vanous mai menu selections

switch (kd)

cow 1DM RUN:

RECF temp rect; //temporary rectangle structure
#I for specify'ing portion of

#I screen to redraw

I/if the user selects ORunw, run the vortex program
vortex(w aDm);

//set the rnmflag toIsnevrexhsbe u

tempjrcttop -(int)(left~rect~top*height/480.);

temnp rectbottom - (int)eft~rectboftom*heigh/480.);
temp-redi~eft - (intXleft-rect~leftwidth"4.O); 1

temup rectright - (int)(kfrct~right*width/60.);
lavalidseteect(h 4 Wa, mp rect, TRUE);

enlpjecttop - (intXrightrect.topheight/410.O);
temp rectbottm - (intXrighrreabouom*heiglit/48O.O);
tcmpjrect~eft - (intXrightrectieftwidth/640.O);
tempject~right - (mnXrightrecLrigat~wkdWh640.O);,

Invliateec~hWad &temp rect, TRUE);

break

I/this cme caft the puit dialog box

PRNDMLG pd; I/print dialog structure
DOCIMF di; /Idocument information structure
imt j;//page counter

/IN a prin request as made using the main nmeu and vortex has not been run,
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ftpint a waraingmd en Yh rajus

MPBleep(MDKONEXCLAMATION);
Msmgox~Wmd. Mug innprpam prior to printng.*,

DWARNMINGI MBJEZONSTOP I hMBOK I MB-TASKMODAL);

//otberwim I prPooe the faqjes
//set al atnachmf ,ne1 0er to zeo.

meet(&-Pd, 0, soi(PRDn1DLG));

di.cbSize - zeof(DOCINFO);
di.IpszDocName -= -"
di~lpszOulpu - NULL;

I/initialize the necessay PRINrMLG structure member.
pd.IStnictSize - sizeofPiNTDWLG);
pd~hwndOwner - hWnd;
pd.Lags - PD-REURNDCIPD-HMDEPRInflOFILEIPD...NOSELECFION;
pd~nFrosnPage - I;
pdinToPae - 1;
pd. nMinPage 1;
pd~nMdaxpag 1;

if(Print~lg(&pd) 1- 0)

StarMWocpd~DC.&di);

forgj-0; j<pd~nCopic j++)(

paint ata box~px-hDC);
paWpaphs(pd~hDC;
Eandpe(pdLhDC);

EndDoc(pd.hDC);
DeioteDC(pd~hDC);

if (jxhDevMode I- NULL)
GlobalFreeo&hDevMode);

if (jpLbDvNames I- NULL)
GkbauFree(pd~hDevNames);
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I/tiscu c~sdlgrw - (DLO OC)MakePmclnstnce(FABRMOC)DlgProc,

gblnstance);
Dialg~o~gh~iaa.C EO4MmY*, hWnd, dlgProc);

Fr cwIw anCe(FARPROC~dIgProq);

/lifthe number of elemnents input by the user is outside £he allowabe,
#I prn a wamin& caus the screen to be repainted, and terminate the cane

MesgefleepM ICONEXCLAMATION);
Messwm ~o~Wad, -Numbier of Elements must be between 2 and 40',
'WARNINGIr, MB ICONSTOP I MBlýOK I MD-TASKMODAL);
InvalidaftRec*~WndL NULLL, TRUE);
break-

I/if the number of elements input by the user is inside the allowable,
#I use the value in temp-elements

NUMBER ELEMENTS tempelements;
11if constant vortex spacing is used, call the tip vortex dialog box

if(sPacing-flag ( 0
Againjip~yortex:
dlgProc - (DLGPROC)MakeProcnsance((FARPROC)TIPDIgProc.

DialogBox(ghInstanco,- UTIPVORTEXO, Mond, dlgProc);
Fcl~mnstance((FARPROC~dlgProc);

flf the tip vortex supplied by the user is close to the zero, print a * *
II warning and reinitate the dilo box

iI(tip~yortexjinsetcz.OO000Il)(
Mes=SaeBeep(MBCONEXCLAMATION);
Meusagefox(hWnd, *Tip Vortex Inset/Panel Width must be > zero",
"WAR~NING", MB ICONSTOP I MBOK I MB-TASKMODAL);
goto Againjipyortex; *

//cause, the screen to be repainted if the dialog box was not canceled
if(Irnjq~lag)

InvalidateRectoWnd, NULL, TRUE);
bre*k

case 1DM COEFFICIENTS:

I/this can calls the coefficients dialog box
float sm- -0.0;, I/sed to sum the coefficients
int q; I/oop counter

Again-Coefficients:
dlgProc - (DLGPROC)Makeproclnstance((JFARPROC)NextDlgProc,

DilogBox(ghlnstace~, "COEFFCHENT, hWnd. dlgProc);
FreProclnstance((FARPROC~dlgProc);
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//sum up te asoilue values of the Slaw" coficients inpu by the
f r(q , ,q<5;q .+ ) i 0

a - =1411 M~oflIeatsqJ

/rIN the is close to eo, p a warning and reinidia the dialog box
il,,,m<.oooooo,) i
MemWA Box(hWnd. A least one coefficient aus be nso-zemr",
"WARNINOI-, NMDICONSTOP I MlB._OK I MBTASKMDAL);

gow AgainCoflcd•ie _

//caIme the screen to be repinted if the dialog box was not canceled
if(tniaw lg

brea; Invalkdatelect(hWnd, NULL, TRUE);

case 1DM EXIT: {

//hids case deletes the temporary file and terminates the program

iflacoess(mpldau.tmp", 0) = 0)
unlink("plotdat.tmp");

PostQutidesage(O);
break.

cas eDMABOUTr:

//this case calls the About dialog box
dlgProc = (DLGPROC)MakeProclnstanc((FARPROC)ABOUTDIgPrc,

DialogBox(shgnstance, "ABOUT', hWnd, dlgProc);
FeeProclnstawce((FARPROC)dlgProc);

break. }

/the next several cas respond to the help section of the main menu
case 1DM -EMLPENERAL:
( MiessageBox(hWnd, "The Hydrofoil Vortex Lifting Line Program\

applies a vortex lattice method to the straight line lifting problem.Wann
It calculates and displays both the exact and numerical solutions for\
induced dowawash veocity, total lIt and total induced drag for a\
circulation distribution described by up to 5 Glauert coefficients.Wnn
It then solves the 'analysi problem by calculating and displaying \
the numerical approximation for the circulation distribution based on \
the exact downwash vdocity solution.",

"HEIF, MBICONINFORMATION I MBOK);
break

)

case IDM HELPRUN: i
, M(esseBox(hWr4 "When Fileptun' is selected from the main

menu, the program uses the Current Variable Data to calculate and display\
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aummnical and exact woluiom for dowuwash velocity and n \
cimduadioLný2%. 4

The lW dag and draasfft - coefcients are also calculated \
and a table of the erm in the calculations is displayednAn

his selecdtion also causes an ascii text We 'outputda,', to be written \
to the directory wher the program is reident',

"*HELPO, MBBIcCONDOORMATON I MBOK);
break

} 0

case IDM HELPPIRW:
4 'l Meuqeox(bWnd, When Pilei#iaiswslected fromthe mains

menu, the program invokes standard Windows Print and Print Setup Dialogs
boxes to allow the user to print the data that appears on the screen.*,

HELP-, MB ICONDNORMATION I MBOK);
break)

case IDMHELPEXUT:
{ MessaeBox(hWnd, "When File[Exit! is selected from the main

menu, the program is terminated.",
HELP, MB ICONINFORMATION I MB_OK);

break;)

case 1DM.HELPELEMNTS:
MessageBox(hWnd, "When tXions4Geometry is selected from the % * *

main menu, the user may select a Number of Elements to use.AMn\
The Number of Eements, M, must be between 2 and 40, inclusive. For M I
elements there will be M+1 free vorticesAn.n\
The default value for M is 40.0,

"HELP", MB ICONINFORMATION I MBOK);
break; ,

case IDMHELPVORTEXSPACING:
SMessageBox(hWnd, "When 'OptionsiGeometry' is selected from the\

main menu, the user may select either cosine or constant lattice spacing \
for the free vorticei.sn•n "
Cosine spacing uses a transformation of the spanwise coordinate, \
y = -(s/2)*cos(y-). It is the default spacing and also in general produces %
more accurate remslts.nn\
Constant spacing results in singularities at the tips and therefore \
raquires the use of a non-zero tip vortex inset The user is automatically %
prompted for a value for the ratio of tip vortex inset to pa•l width if\
the constant spocing option is seected..,

HELr, MB-ICONINFORMATION I MBOK);
break;

case IDM HELPCONTROLPTSPACING:
MessageBox(hWnd, 'When 'OptionujGeometh is selected from the

main menu, the user may select either cosine or midpoint spacing for the\
for the control points.\n~nMidpoint spacing interpolates between the \
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vortim and Coe spacing um a transMatimio of the *Saw\seO
r M yM, 11---y-. ) ., Cosi spacing is the default qaciagS and\

also in general Produaces amor accurate remafts,
'HDIF. MIBjcONINFORMAllON I MbflOK)X

cam IDM HELJTPVORTE)aNSET:
(Mem B•ex(hWad. "Wen Conmt control point spacing is selected\

in the Gemetry Dialog Box, the user is automatically prompted for a value\
for the ratio of tip vortex inset to -d width.iA~n\
A positive non-zero value is required The delault value is 0.25.'.

"HELP-, MB ICONFORMATION I MB OK);
break;

case IDMHELPCOEFFICIENTS:
SMessaBox(hWnd. "When 'OptionslCoefficients' is selected fromi

the main menu, the user may select values for the first 5 Glauert I
coefficients to describe the spanwise circulation distribution.\Mn\
At least one of the coefficients must be non-zero. The default values are~
0.0 for all except al, for which 1.00 is the default value.",

-IMP, MB_ICONINFORMAT7ON I MBOK);
break;

The function prototype for the WMCommandHandler function is shown below.

The return type, void, indicates that no value is returned by the function. The first two

parameters passed to the WMCommandHandler function are the handle of the main

window and an integer variable, id, that describes the particular message being handled.

The integer is used as the argument for the switch that refers the message to a number of

different cases tor processing. The information passed in the other two parameters is not •

used in this program.

void WMCommandHandler(HWND hWnd, tat id, HWND hwndCtl, UINT codeNotify)

Before the switch is employed, a 32 bit pointer to a dialog procedure

(DLGPROC), dlgProc, is declared. It is used in the three switch cases that call dialog

"5
I!box procedures.t
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The first case in the switch is the IDMRUN case. The purpose of the IDMRUN

case is to cause the current input data to be processed by the functions that perform the

hydrodynamic calculations and to cause the results to be written to the screen.

IDM RUN is an unsigned integer value that corresponds to the FilelRun selection on the

VLL main menu. The main menu is defined in a WindowsTU resource file, pll.rc. The

definitions of identifiers such as IDMRUN are contained in a header file, pfl.h. Both of

these files are listed in Appendix A.6.
I

case IDMRUN: {

RECT temp rect; //temporary rectangle structure
H for specifying portion of

II screen to redraw

//if the user selects Run", run the vortex program
vortex(wam);

I/set the nn flag to I since vortex has been run
nim_flag = 1;

M/cause appropriate sections of the screen to be repainted I
temp rect.top = (intXleftrect.top*height/480.0);
temp fect.bottom = (intXeftrect.bottom*height/4S0.0);
tempjectet - (intXleft_recLleft*width/640.0);
tempject.right = (intXleftrrectright*width/640.0);
InvalidateRect(hWnd, &temp_rect, TRUE);

tempTect.top - (intX)ight_recttop*height/480.0);
temprecLbottom = (intXrighLrecbottom*height/48O.0);
temp recleft - (int)rightrectleft*widtd/640.0);
tempnpect right = (intXrightrectright*width/640.0);
Invalidatelect(hWnd, &temp_rct, TRUE);

)

The IDMRUN case declares a rectangle structure for use in specifying the sections of the

screen to be repainted. It then processes the input data by calling the vortex function.

The vortex function is basically a translation of the FORTRAN VLL code into C. It is

included in Appendix A.6.

The case then sets the run flag, indicating that the current set of input data has

been processed. The rectangle structure, temprect, is then set to values corresponding to
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rectangles surrounding first the screen graphical output and then the prediction error table. 4
"4 The Invalideect finction receives the handle of the window to be repainted, the address

of a rectangle indicating the portion of the screen to be redrawn, and a boolean value that

indicates if the background is to be erased during repainting. This causes a WMPAINT

4 message to be sent to the MainWndProc which causes the screen to be redrawn with the

data calculated during the run.

The next case handled in the switch is the 1DMPRINT case. This case uses a

* WindowsTu common dialog box to handle print requests made using the main menu. The 0

IDM PRINT case is shown below.

case IDMPRINT: ( 9

//this case calls the print dialog box

PRINTDLG pd; //print dialog structure
DOClNFO di, I/document information structure
int j; //page counter *

/If a print request is made using the main menu and vortex has not been run,
/ print a warning and deny the request

if (trunag)
{

MessagXeeep(MBJCONEXCLAMA'nON);
MessageBox(hWnd, "Must run program prior to printing.".

"WARNING!", MBICONSTOP I MBOK I MBFTASKMODAL);
break;

/I/kherwise, process the request

I/set all structure members to zero.

e ,set(&pd, 0, dzot(PwrrNTDLG));

di.cbSize - uizea(iDOC2N6);
di.llwDocName - "VLL";
di.lpszOutput - NULL;

/run.alize the necessaiy PRIrLG structure members.
pdlStructSize - sizeo(PRPINTDLG);
pd.hwadOwiier hWnd;
pd.Flag - PD RqURND HPDDEPRNTrOFLEPDMNOSELECTION;
pd.nFromPage- 1;
plL-ToPaV - 1;
pd.nMinPa-e l;
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pd.nMaxPap - 1;1

if(PrintDW&pd) 1-0) p
Stard~oc(p&hDCdi);

hf-O; P9Ln~qkj++Mf

SftrnrpawhQ;
adOtýbox~pdhDC);

EndhpýWXD);

EadDocpdDQ;.
DeieteD(pdLhDC);

if OxdbDevMode 1= NULL)
G~obuI~me(pd.bDevMode);

if (pd~hDevNames I- NULL)
breiGloba~ei~eepdDev~ames);

Threelocal variables are declared in the 1DMPRINT case. The first is print

dialog structure pd. The print dialog structure is defined as follows:

typcdeiiucttgPD I / pd 0/
DWORD lMtumctize;

HWND hwndOwner,
HOLOBAL hDev~bft;
HOLOBAL Weyoames
HDC hDC;
DY/CUD Flags
DINT nFromPage;

0 ~U!N nMc~ge
unrr nkp

HDWANCE hbHw
4LYARAM l~usd~ats;

U~rr (CALLBACK. VfiPdmiutodk)HWND, UINT, WPARAMK LPARAM);
lINT (CALBAC~K' lPfiSetup~ok)HWND, UINT, WPARAK~ LPARAM);
LPCS7R Ip9ebqTanplaeNaIme

HGLA)BAL bwdlaeipme;w
EGLOBAL ebTept;

IPRINCIDL



The print dialog structure is used to initialize the common Print dialog box. After the OK

button on the dialog box is selected, information regarding user selections is returned in 0

the structure.

The second local variable is a document information structure, di. The document

information structure is declared as follows:

tywpedeu { /u di0/
int cbSii*;

SLPCSm VzDocNamIe;
LPCSTR -UUU

)DOCDH•,

The document information structure is used to pass file name information to the StartDoc

function. The cbSize parameter is the size of the structure itself in bytes. The

lpszDocName is a pointer to a null-terminated string specifying the document name, in this

case WILL". The lpszOutput parameter points to a null-terminated string used to specify a

file to which the output is redirected. Using the NULL value causes the output to go to I

the printer. The "print to file" capability is not implemented in VLL. The third local

variable is an integer used as a counter for producing multiple copies of the output.

The next block of code in the case checks the run flag. If the flag is not set, which

indicates that the current set of input data has not been run, the user receives an audible

and printed warning and the switch is terminated by the break statement. The warning is

implemented using two functions. The first is the MessageBeep function, which receives

an unsigned integer speifying a particular sound and then causes the sound to be played.

The MessageBox function receives the handle to the parent window, a pointer to a null-

terminated string that is printed as the warning, a pointer to a null-terminated string that is

printed as the title of the box, and an unsigned integer indicating the style of the box. The

style can consist of any number of compatible styles combined by C logical "or" operators.

In this case the function uses three styles:
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MB ICONSTOP a stop sign appears in the box

MB-OK the box contains one push button, labeled OK

MBTASKMODAL the use must respond to the box before continuiing work in

the parent wwnow

Fig=r A-i shows the message displaye by this code.

if (Ins.fiakg

t Mafeflox(bWed. Muij sno prop=a prior to prialag.,
OWARNING", AffkICONSWO I NMBOIC I MB-TASKMODAL);

mfmillVsitx She Un

gooMer of Elemsiont 40
Vortex Spiadig! Cosia.
Coat Ift Swaiss: Cosine

Coo(elicisat a I.

Omlalefr aet 3:! IlilhwuuN prngumn Pola to printing.
Coetflecisat a5!

Figure A-1. Windowsam VLL with Error Warning Displayed

After it has been determined that the currenit dafta set has been run, the prin diaog and

docment information structures are iniialized. The memset finiction sets Al of the items

0 ~~in the print dialg structure, pto zero. The uizeof functon receives an eqxpession or
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type and returns the size in bytes. The next three statemnents initialize, the document

infoirmation structure as described above.

Muinlo*&A 0,ui.PIN1L)

dicb~ffr - sinfrtoOPCDIO);
diipw.DocNAme - 'VW;
diVu~dpxt - NULL,

pd.Flap - PD ]MrRDID-HERnORWýNOSELECTION;

pd.nTche- I;
pd~nMinPap - 1;
pd. n&UxPage- 1;

The last seven statements initialize the required parameters in the print dialog structure.

The pd.Flags parameter specifies the way the common print dialog box is initialized. Any

number of compatible flags may be used. In this case, the following are used:

PDRETURNDC causes the PrintDlg function to return ahandle to an 0

appropriate device context in the pd.hDC field

PDHIDEPRINIOFILE hides and disables the Print to File check box in the common

print dialog box .

PD NOSELECTION disables the Selection radio button

The other six statements are self-explanatory.

T7he program is then ready to call the PrintDlg finction. The PrintDlg function

receives the address of a print dialog structure and returns a nonzero value if the finction

successfully configures the system printer and zero otherwise. In VLL, if the PrintDlg

fucinis vxccessfl, the StartDoc fiunction is used to start a print job using the printer

device context and the address of the document information structure.

if PiiaDII(ftd) 1- 0)4

Strd~oc(pd~hDC,&da); 6
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I
pM_dui_bo DC);

EndVo•(pdLWC).

DdddCbdLDC ).W

if (pdibDr.4M I- NULL)
Gtob~e~pdl~hWevMo&);

if (pdL•DvNamcs I- NULL)
GI6W'eW~d.hDcvNas);

bnak;

The IDMPRINT ca then uses a for loop to print the number of copies returned in the

print dialog stnrcture. In C, a for statement consists of three expressions enclosed in a set

of parentheses, followed by a statement to be executed. The first expression, in this case

j=-O, is executed before the first iteration. The statement, in this case four statements

enclosed in braces, is executed until the second expression becomes false. The third

expression is executed after each iteration and is usually used to increment a counter.

Note that in C, j++ increments j by the integer value 1.

The StartPage and EndPage functions receive a handle to the printer device

context and mark the start and end of each page. The VLL program uses the

printdata box and printNraphs flmctions to draw the text and graphical data to the

printer device context. The rintdat _box and printraphs finctons are described in

Appendix A.5.3 and inlude in Appendix A6.

Aftr the pages are drawn, the document is ended using the EndDoc function and

the printer device context is deleted. The global memory objects, pd.hDevMode and

pd.hDevames, are then freed and the case is terminated.
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The third case is the IDMGEOMETRY case. This cae cals the Geometry

dialog box finction for the purpose of receiving user input regarding the panelization of 6

the lift fine and the spacing of the control points and the vortices.

The first thing done by the case is to initialize the value of a temporary storage

locat temp ereents, with the current value of NUMBERELEMENTS, the number 6

of elements into which the lifing line is discretized. The next step is to make an in•.tnce

of the Geometry dialog box procedure. This essentially places the function at a specific

location in memory, and allows the function access to the data in the application. The 6

procedure instance is made with the MakeProcInstance function, which receives the

address of a function and the handle to the application and returns the address of the

function. The next step is to call the DialogBox function. The DialogBox function p

receives the handle of the application instance, the address of the dialog box template

name, the handle of the owner window, and the address of the dialog procedure and

creates a dialog box. The Geometry dialog box was is seown in Figure 2-4. Control is D 0
not returned to the application until the dialog box is terminated. Once the dialog box is

terminated, the FreeProcInstance function is called to free the dialog box procedure.
DV

cue IDM GEOMETRY: {

empOeemmat - NUMBER-ELE•M•T;
/Abti cm afs the omewAy dilog box

dlgPoc - (DLPO)MaecInmMnce((IARPROC)DIgPmroc,
SNM );D

Diaooxbaae, "GEOMTY", hWnd, dlgPmc);
FrcaeP=IaM~((FARP11OC)dlgPzu);

The case now checks the value input by the user, now located in tempelements, to make

sure it is within the limits imposed by the program. If the value is outside the range from

two to 40 inclusive, a warning is printed and the screen is redrawn. Note that the value

NULL is passed instead of the address of a rectangle structure in the call to 0

InvalidateRect. This causes the entire window to be redrawn.
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IAf ame sr ofe demmu iput by the um is ousde the a• Owable
N pint a warming caine the screen to be replaed and Mterminate the cae n

'--P•e(M-CONE.XCaAMATKON);
VBgf kWmd, "Nun•er ofElmaft Wust be betwen 2 and 40,

*WARNDINGt. , .ICONSTO)P I MDOK I MB-TASIKMAL);
maidetRec*Wnd, NULL, TRUE);

bank
)

If the number of elements input by the user with the dialog box is within the allowable

r•nge, then the case uses the value.

/rfthe • umnber of elements input by the user is inside the allowabl
fluse the value in tenp elemients

NUMBER-ELEMENTS -temp elements;

The case then check the type of vortex spacing specified by the user. If constant spacing

is employed, the Tip Vortex dialog box procedure is called. This sequence is completely

analogous with the sequence for the Geometry dialog box, with the exception of the label, p

Again TipVortex. This label is used to cause the Tip Vortex dialog box procedure to be

called again if the user input is not acceptable.

*7

I/if mctant vortex smpcng is used, call the tip vortex dialog box
iifspadng..Uag {
Again apVortex:
dlgProc - (DWROC)MalclnsbvtAn(( ARPROC)T'PDlgPrc,

ghlatance);
DialogAoxghInsMance- ","VORTEX", hWnd, digProc);
Fichtmoance(FARPROC)dlgProc);

Irif the tip vau= iopplied by the uer is done to the zero, prim a
Ywarning and reinitiate the dialog box

if-Yprvolexjiee.o00ooM)(
I M9ud s p(MBjCONEXCLAMATION); P
&umBox(hWad, "Tip Vonrex Iauetflane Width mmmu be > zero,

"WARNNG!. MB_.COINS7O I MBWOK I MB-ASKMODAL);
Sgta Agin_nipYortx

)

)I

I/cans the screen to be repainted if the dialog box was not canceled
if(tnmnflag)
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Iavalidakbct(hWad, NULL. TRUE)

After fth dialog box procedure returns and the procedure instance is freed, the tip

vortex bose is checked Ifthe value is less than a very smal positive number, a warning

messaep is printed and the Tip Vortex dialog box procedure is cagled again. The screen is 0

then repainted if the run flag was cleare in the Geometry dialog procedure. This

effectively causes the screen with the exception of the current variable data, to be cleared

indicating that the current data has not been run. 0

The next case is the 1IDMCOEFFICIENTS case. This case calls the Coefficients

dialog procedure and insects the input in a manner similar to the previous case. The

DMMCOEFFICIENTS case declare two variables. The float variable, sum, is initialized

to 0.0. It is used to sum the absolute values of the Glauert coefficients input by the user,

in order to ensure that the at least one of the coefficients is non-zero. The integer, q, is

used as a loop counter for this purpose.

cae 1MM COEFFICH: {

I/this case calls the coefficients dialog box
float sum-GO 0l- lused to sum fth coefficients
int q. I/loop counter

AgainCbefficients.
dighiuc - (DLGPOC)Makclrocnstanc((FARPOC)NcxtDlgProc

Dialo~ox(ShutaCe OEF~ICENfSN. hWnd, dlgPioc);
Free-roclntan*e(FARPROC~dlgProc);

/1sm up th absolute values of the glauart coefficients input by the ue
foe -&q<S,.3q++)

sma +- Ms cofflcients(q]);

/fli the -un is done to um prn a warning and reinitiate the dialog box
ii=1110).OOOOOI (
MesmgeBox(hWml, "At least one coefficient must be noo-zero,

IWARNINGIO, MB ICONSTOP I MEOK I MB-TASKMODAL);
goo0 Again..Coefficientr.

//caus the screen to be repuinted if the dialog box was not canceled
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Iaa*dWW cW Wad, NULL. TRUE);

the rip Vortex dialog procedure. Aftr the dialog procedure returns, a for loop is used to

sunm the absolute values of the coefficient. The "+- operator in the C programming

language causes the value of the expression following the operator to be added to the

value of the variable preceding the operator and the result to be stored in the variable

preceding the operator. The "-=", *=, and "/=" operators function similarly. If the sum

of the absolute values of the coefficients indicates the case where all of the coefficients are

zero, a warning is printed and the dialog procedure is called again. As in the case of the p

Geometry dialog box, if the run flag was cleared in the Coefficients dialog procedure, the

screen is repainted.

The IDMEXIT case handles request to terminate the program made by the main p * *

menu FdeP&xit selection. It uses essentially the same code described in Appendix A.2 in

the WMDESTROY case of the MainWndProc function.

cue IDMEXrr: {

//his cme deIfes the temporay file and termiate the program

iIma2u('pWotdmW~b', 0) - 0)
unhinkC'padoatmp'); p"|

P gu *7uiteme(o);

The 1DMABOUT case calls the About dialog box procedure. This dialog p

procedure differs from those described previously in that it is not used to receive user

input data. Figure A-2 shows the VLL About dialog box.

cu 1D•_ABOUT:
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I/th; came calls the A dbaout -uf boxP~cAo~rlg

U'lgoxalstoe "A-r Wed dlgProc);
br~olutance(ffARPOC)dlgProc);

Member ot leinmolo 40

Ilydismil Vortx Ultia Line ftqom

COEIIk U nu LAbiwfde by
Jos Lsool

Com~fi iudmu C4416 by
Cos~riDrvd R. Sodo

Figure A-2. Windows~m VLL with About Dialog Box Displayed

The next nine cases provide the on-line Help feature included with VLL. The nine

cases are a series of MessageBox function calls that write descriptions of the operation of

the main menu and the theory behind the vortex lattice method employed. The

IDMHELPGENERAL case is shown below as an example.

came IDMH' ELPGENERAL:
( bieuplwoxWnd, The Hydrdofo Vortex Lifting Line Progamm

applies a vortex lattice method to the sraght line lifting problem.\Mn\
It calculates and disiplay both theexc and numerical solutions; for I
indoced dowawash velocity, total lit and total inuced drag for a \
cirulation distribtionm described by up to 5 Glanet coeffcidentsan
It then solves the 'analysid problem by calculating and diaplying \
the mnmerical approximation for fth circulation distribution based on~
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AppENDIXK A.4S

VUL Dialog fouctiOuus.
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A.4 VLL Dialog functions.

Dialog boxes are a convenient means for allowing the application user to provide

input to the program. The use of a single dialog box requires that two functions be added

to the functions described above. The first is a callback function, similar to the

MainWndProc. In the case of the Geometry dialog box in VLL, this function is declared

as foliows:

BOOL CALLBACK expot DISPrc( hDlg, UInr messae, WPARAM wParam,
LPARAM IU'Mm);

The purpose of the function is to initialize the data displayed in the dialog box when it is

created, and to refer messages received by the dialog box to the second function. I
The second function is similar to the WMCommandHandler function, and for the

VLL Geometry dialog box is declared as follows:

void WMDlgCommandHandler(HWND hDig, int id, HWND hwndCt, UINT codeNotify); I
The purpose of this function is to handle messages recc*ved by the dialog box, specifically

messages from the "OK" or "CANCEL" buttons. The functions used in VLL for the

Geometry dialog box will be described here. The functions used for the Coefficients, Tip
I?

Vortex Inset, and About dialog boxes are extremely similar and should be self-explanatory

when the two functions described here are understood.

The callback function is fisted below:

BOOL CALLBACK _export DlgProc(HWND Wig, UINT message, WPARAM wParam,
LPARAM Param)

char input[10] - "w; //character string for writing output

switch(messge)

can WMIMrrDALOG:{

l/initialize numerical and state dialog controls
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cbs 4
C a (hDl. IDMCOSINW. IDM CONSTANT,

•hI DKCSW IDM_ CONSTrANr)

elm

Cbecdadobuon (h IDMCOSMECNMTOL r
1DM MO INTDM

itoa(NUMBERELE&MIENjinpD10);
SetDlgltemText(hDIg,IDMNUMOFELEMENTS,input);

return TRUE;

case WMCOMMAND: {

return (BOOL)HANDLE WMCOMMAND(IDIg wParant, WParam,
WMDlSCommand Handler);

etum FALSE;

S S

A cursory inspection of the callback fimction reveals that the function consists essentially

of a switch that handles two ca. Prior to the switch a character array, input, is declared

* for the purpose of writing text data to the dialog controls. There are ten types of dialog I

controls, only two of which are dealt with by the DigProc function.

A dialog box may have up to 255 controls, selected from the below listed types:

* Pushbuttons the type used for "OK" and "CANCEL" buttons
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Radio Buttons used to select an option from a group of mutually exclusive options

Check Boxes used to select or deselect options which can be toggled on and off

Static Text Fields used to provide labels or instructions

Group Boxes allows grouping of a set of other controls

Listboxes used for selecting an option, such as a file name from a fist

Edit Boxes allow the user to input text

Scroll Bars used to input a linear value

Icons used to provide visual input

Combination Boxes a combination of an edit box and a list box

The VLL program makes use of the pushbutton, radio button, group box, static text field,

and edit box types.

Controls that are used to display variable data and to receive user input are

assigned identifiers in order to make the program code more easily understood. The

appearance and operation of the dialog box is defined in a resource file that is part of the

application. The four dialog resource templates and the main menu used in VLL are

defined in the vil.rc file. The block of code used to define the VLL Geometry dialog box

is shown below. The entire vll.rc file is contained in Appendix A.6.

GEOMETRY DIALOG 11, 35, 175, 137
STYLE DSMODALFRAME I WSOPUP I WS CAPTION
CAPTION Gomey"
BEGIN

CONTROL ", DM NUMFELEMENTS, EDrT-, ESLEFT I WSCHILD I WSVISIBLE I
WSBORD!R I WS TABSTOP, 66,87,34, 15

CONTROL sine', 1DM COSINE, BUTTON', BS AUTORADIOBUTITON I WS_CHILD I
WSYISIBL_ I WSLGROUP I Ws TABSTOP, 10, 20,38, 13

CONTROL "Coestsnt, MDM CONSTANT, UBUTTON-, BS AUTORADIOBUTTON I
WSCH. D I WSVISIBLE I WS TABSTOP, 10, 39, 40, 14

CONTROL "Couiae, IDM COSINECONTROL, -BUTTON", BS AUTORADIOBUTTON I
Ws$HIMD I WSVISIBLE I WS GROUP I WSTABSTOP, 95,20,38,13

CONTROL "Mid-Point, 1DM MIDPOINT, "BUTTON-, BS.AUTORADIOBUTTON I
WS.._CHID I WS.VISIBLE I WSTABSTOP, 95, 39,45, 14

SPUSHBUTrON "OK', 1DMOKGEOM, 31, 109,36, 15, WSCHILD I WSVISIBLEI
WSTABSTOP

PUSHBUTTON CANC, IDM C 100, 109,36,15, WS.CHILD I
WSISIBLE I WSJABSTOP
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CONTROL -Latfie Spacin, -1. -STATIC', SS=LEFT I WS.CHILD I WSVSIBMLE, 10, 7,61,

LTEXT "Number o dements 40 Max, -1, 52,63,67, 17
CONTOL -Cooba Point Spci•n, -1,. STATIC', SSLET I WSCMLD I WS_WSMLE,

95,7,71,9
CONJTROL , -1, *stc, SS BLAC I WSCHILD I WS VISEBLE, 5, 4,61, 51
CONTROL ", -1, "atic, 58 BLACKFRAME I WS..CHLD I WSVISIBLE, 91,4, 77, 51
CONTROL -1, -O. Wuc, SS DLACKFRME I WSCHJLD I WS VISMLE, 44,60,33,45

END

The first line of code defines the name, size, and screen position of the dialog

resource. The second line describes the style of the dialog box and third line defines the

caption displayed on the title bar.

After the BEGIN statement, the individual controls are defined. The edit box that

displays and allows the user to alter the number of elements used in the program, for

example, is the first control described. It is defined as a dialog control of the edit box

type. The pair of double quotes indicates that there is no automatic initialization of the

value of the box. IDM_NUMOFELEMENTS is an identifier used to refer to the control

in order to make the source code more readable. The flags that are joined together with

the logical "or" operators indicate how the control is to be drawn and processed by the

WindowsTM environment. The last four numbers describe the location of the control in the

dialog box.

Dialog boxes may be constructed using a standard text editor, or using a graphical

development environment such as the BORLANDI Resource WorkshopTM. Figure A-3

shows the VLL Geometry dialog box in the BORLANDO Resource WorkshopM

graphical development environment. The point and click capability of a graphical

environment makes the design and testing of dialog boxes fist and easy compared to the

alternative of defining them using a text editor and recompiling the application for each

test.
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Figure A-3. VLL Geometry Dialog Box in BORLANDM Resource WorkshopTm

The WM_1NITDIALOG case in this function evaluates the spacing flag and the

control point flag and checks the appropriate radio button using the CheckRadioButton

function. The CheckRadioButton function receives the handle of the dialog box, the

identifier of the first and last button in the group, and the identifier of the button that is to

be checked. It checks the button indicated and removes the check from the other buttons

in the group. The CheckRadioButton function does not return a value.

The WMINITDIALOG case also initializes the edit control that indicates the

number of elements into which the ifting line is discretized. This is done in two steps.

First the current value of NUMBERELEMENTS is written as a character string into the

input variable array using the itoa function. The itoa function receives an integer value,

the address of a character array, and the base to be used in converting the integer, and

writes the integer value into the character string. In the second step, the SetDlgItemText
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function is used to write the character sting in the input army into the edit control

indicated by IDMNUMOFELEMENTS and contained in the dialog box indicated by 0

hDI. The case then returns the boolean value TIRUE because the message was bandled

by the finction.

The WMCOMMAND case refers messages to the WMlDIgCommandHandler

using the HANDLEWMCOMMAND macro and returns the value returned by the

macro, indicating if the message was handled. If the message received by the callback

command does not correspond to either case in the switch, then the boolean value FALSE 0

is returned.

The second function used to handle the VLL Geometry dialog box, the

WMCommandHandler function, is shown below: I

void WMDlgCouunandfhndlef(HWN hDIg, int id, HWND hwndCtl, UINT codeNotify)
{

char input[1O] "; Y/character string for receiving i

switch(id)

f

cte IDMOKGEOM: {

HWND hctrl; I/handle to a dialog control
DWORD result; /lresult of an interrogation of

I a dialog button

//get the state of the radio buttons and set the spacing and control point flags accordingly

Wit -= GetDlglkmw(Dlg, IDMCONSTANT);
result - SCtrl, BMGETCHECK, 0, OL);

if (rsmit) Spciagflas - 1;
du specingfiag = 0;

hrl = GetDlgstm(hDlg. IDM_MDPONrM);.
result - Sd, BM_GETCHEC, 0. OL);

if (result) controlpt flag - 1;
else controlptflag - 0;
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gIII ft =smr deiscmaft ieW ad sim it in a tMpmruy xation1

Getlglei~et~~t. DM NUMOFELEMdENTS, hqiut 10);tenyhae, - M~o(inpnt)

//dI r the ua-fl to idicat that t us input dat has chaned

run flag 0

//drop thiug to the procung for the CANCEL cu

)

cm 1DMCAN.GEOM: (

mend the d&a

End log(hDl& 0);

break;

)}

I)

The WMDigCommandHandler function, like the DIgProc function, is essentially a

switch that handles two cases. Also like the DIgProc function, prior to the switch a

character array, input, is declared. In this procedure the array is used for the purpose of

retrieving information from the dialog controls.

The IDMOKGEOM case responds to the message sent when the user selects the

"OK" button in the dialog box. A handle to a window, hCtrl and a DWORD, result are

declared as local variables in this case. The case first uses the GetDlgltem function to get

a handle first to the Constant Vortex spacing radio button. It then uses the SendMessage

function to check the state of that button.

The GetDlgitem fmction receives a handle to a dialog box and the identifier of a

control in that box and returns a handle to the control. The SendMessage function

receives a handle to a dialog box control, a message identifier, and two additional message

dependent items. In this case the message that is sent is a BMGETCHECK message, the
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two additional items are not used. The return values for the function when the message is

BMGET-CHECI are the integer I if the button is checked and 0 if it is not checked. 0

The case sets the value of the spacing flag and then repeats the process for the

control point spacing flag. The 1DMOKGEOM case then uses the GetDlgltemText

fuction to copy the value in the Number of Elements edit box control into the input 0

character array. The atoi function converts the asci string pointed to by its argument to

an integer value and returns that value.

The next statement clears the run flag on the assumption that some or all of the 0

data handled by the Geometry has changed. Since there is no break statement in the

1DM OKGEOM case, program execution continues into the IDMCANCELGEOM case

and the dialog box is terminated by the EndDialog function. If the user selects the 0

"CANCEL" button on the dialog box, the IDMCANCELGEOM case is executed and the

dialog box is terminated without changing either of the spacing flags, the number of

elements, or the run flag. .

Functions for initializing and retrieving the data from the Coefficients, Tip Vortex

Inset, and About dialog boxes are completely analagous to the functions described above.

The functions are part of the VLL program in the vU.c file, and listings can be found in 0

Appendix A.6.

1I3
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APPENDIX A.5

'The V~LL Output ftmctiom.
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9

A.5 Tie VLL Output hhuctio

The VLL program uses four separate fiuciom to provide output. Two provide 0

output to the monitor and two provide output to the system printer. Each pair consists of

a function that draws the current variable data and a function that draws the graphs and

table. The finctiom are described below. D

A.5.1 The VILL paintdatas_box functio.

The VLL paintdatabox function receives a handle to the monitor device context D

and draws the current variable data to the screen. A device context can be thought of as a

structure that contains information about the output device and how text, lines, or regions

are drawn on the output device. Output to a particular device is accomplished by a series 0

of GDI function calls. The best way to gain an understanding of the GDI and device

contexts is to closely inspect the functions that perform the output for VLL. The

paint databox function will be the first to be considered, and is shown below. D 0

* the puniajta._box funtio draws crent variable data to the pafed device context *

void p dtadbox(HDC PaintD
{

* deare variables that are defined in the vl.c file and that will be used in this function

exte id co pt_&a pcig&g NUMBER-_EEMIEN

erne t a up vorte;_ni, coeffictsl, width, hg

* Variae dwlaratimo *

char bulferj 1201; /ibuffe for character outpu

int L, //oop counter
lenkgt /kngth of character outpt

F OT hFoKt //handle to the default font
hOld~ont; //handie to the original font
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hFOW ktS..tMD VICEDEFAULTQN1O);

//endaue the cnrrea variable data box in a pai of rectangle

(iat)X250.0*idt4O.O),QMKX25.0*ght/48O.0));

(in(X2SO.OwidthM .O),(intX230.0heigh(480.)),

M/abel the box

length WdprndbUxFwb, "CURRENT VARIABLE DATA");

TextOut(PaintDC.(intX(39.O*widtb/640.O),
(intXS.O~height430.0),
buffer, length);

I/wrte the varnb" data.

length - prntw ufer, *Number of Elements: %d",NUAMEREgLEMEfNTS);

TextOUt(PatDC, (intXlO.O~with*Q40.),
(intX3O.Ohbeight/4S0.),
buffer, length);

I/write the tup vortex inset if applicable *
it~spacin& fte)

length - updndbufr, "Tip vortex insetl");

TextOut(PantDC, (intXlO.O~widt/4.o),
(intX90.Ohbeight/48O.O),
buffer, lengt);

lengt s prind(buffer,"a pane width: %5.4r.
tip..Yorteaxjnsct);

TextO*tPuint, (injXlO.O~widtM4.O), :

(inlXl 1O.OheigtI4IO.O),

leoOh sprainifbuft,"Vortex Spacing: Constant");

leghWqrintmaftbfe, "Vortex Spacing: Cosine");
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T~aPl~at'icw (iltXlO.O•~b4.O), 9
(iWXsO.O*bgW4I0.o),
bf. Umsd,);

I/wr•t the ONse -p uM u ae o

it~f. h olpflag
kagt - qw~aSkbuim. TAN Pt Spading bu~saoiM);ele

lengt - RNWO&b.~r TAW Pt Spiaog Couins);

TMOAftuIDC, (OIXIO.OwWd .O),
(WAt)70.00ObUM410.),
bu•r, legt);D

I/write ou the Giwm coeffidens

fbk(i-O;i<5;i++){

lengtlrhqntdbuffer,Coeficmt a%d: %+S.2f*,i+l,
coefcienls~iJ);

TveOWPaintDC,(intXO.O*widW/640.0),
(int)(flo•uX130+i*20)*height/480.0),
buffer,ensth);

)D .

//sdct the o•iga font and dcet the one cram for this function

SeectFont(PaintDbOldFont);

DekteObjWe ont);
)

After the function is declared, a declaration of the global variables that will be

used in the paint_data box function is made. The extem keyword tells the compiler that 0

the original declarations of the variables that follow it are made in a separate source code

file.

Five new variables are declared locally to the paintdatabox function. The 0

character array, buffer, is used to store the text strings that will be written to the screen.

The integer i is a loop counter and the integer length is used to indicate the length of the

string written into buffer. The last two variables declared are HFONT variables. An 6
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HFON is a oe to a font tt is used to draw the tet output. In this case two are

defined a handle to the device default font, and a handle to the font originally specified

upon creation of the device context.

The paint_databox function uses the GetStockFont function to get a handle to the

monitor device default font, the font preferred by the monitor. The GetStockFont

function receives an unsigned integer and returns a handle to the specified font. The

device default font is then selected into the device context using the SelectFont function.

The SelectFont function receives the handle to the device context and the handle of a font,

selects the font into the specified device context and returns a handle to the font that was

replaced. The handle to the font originally in the device context is retained in hOldFont so

that it may be selected back into the device context at the end of the function and hFont

may be deleted. This is done to free the memory allocated to the font referred to by

hFont.

Next the rectangles that enclose the current variable data are drawn using the 0

Rectangle function.

Reclangl•(PintDC,(intXI.O*width/640.O),(int{O.O*height48O.O),
(intX2"O.*width/640.0),(intX25.0*beighl/480.0)); p

The Rectangle function receives the handle to the device context and the Cartesian

coordinates of the upper left and lower right comers of the rectangle to be drawn. The

coordinate system used on the screen is determined by the mapping mode of the device

context. The default mapping mode is MMTEXT. This means there is a one to one

correspondence between logical units and pixels, and that the upper left corner of the

client window is (0,0) with the positive x axis to the right and the positive y axis down the

screen.

In order to provide for device independent output to monitors of different

horizontal and vertical resolution, the logical coordinates are scaled by a factor of
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width/640.0 or height/480.0 as appropriate. The result is then cast as an integer. The

GDI recognizes integral coordinates since the finest resolution possible is one pixel. 1

After the rectangles are drawn, the data box is labeled.

length - qwinf(buffer, *CURRENT VARIABLE DATA*);
* 4

TexOut(PaiatDC,(intX39.Owidt .O),
(intXS.O*hegt/430.0).
buft.,length);

The sprintf function writes formatted character output to a caracter array and returns the

number of bytes written, minus the null terminating character. The TextOut function is

the most basic of the text drawing functions. It receives the handle to the device context

where the text is to be drawn, an integral client area coordinate where the text is to be •

drawn, a pointer to the string to be drawn, and the iength of the string to be drawn, in

bytes.

The sprintf function is used in further, slightly more complicated statements, to D •

write output strings that include variable data to the character array. In the statement

shown here the current integer value of NUMBERELEMENTS is included in the output

string. This is accomplished by using the %d format specifier to indicate where in the

string the integer value will be printed, and then including the variable name in the list of

output variables in the the sprinf statement.

length - sprintf(buffer, "Number of Elements: '/.d',NUMBER_ELEMENTS); I

The paint_databox function continues to test the vortex and control point spacing

flags and provide appropriate output. A for loop is used to print each of the Glauert

coefficients. The format specifier, %+5.4f, is used in the statement that writes Glauert

coefficients to the buffer array. This indicates that a floating point number will be written,

showing four decimal places, and including the sign even if it is positive.

lehsprindoffer,"Coefficient aY/d: %/*+5.2f",i+l,
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TetOut(PaatDWC,(itX1O.OWidhO.O),
(itX(floaXl3O+i.20)*heih/480.0),but.lcogt);

The y coordinate in the TextOut function in this case is calculated using the index of the

coefficient.

The last two statements in this function use the SelectFont function to select the

original font back into the device context and the DeleteObject function to free the

memory associated with the font used to draw the text output. Since it is not permissible

to delete a font, or any other object currently selected into the device context, the original

font must first be restored. The memory is freed since if it were not, the memory would

be effectively consumed and would not be released until termination of the current

Windowsm session.

A.5.2 The VLL paint_graphs function.

The second function used by VLL to draw output to the screen is the paintgraphs

function. It is shown below.

"* the paint..raphs function draws the graphs and percent error data *
"* on the passed dwvic conte *

vopid Patnt
{

*declare variables that ar defined in the vl.c file and that will be used in this function *

extern Bloat width, height;

* Variale deajio( *

EFONT hFont, //handle to the default font
hSmallFont, I/handle to a small font
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4

hWontV , M/oodie to a vertically
fl odeentd feMt

hOkWhom hAsudle for default font p

LOFONT Fot; M/logical font Structure for
fl creating the feats

IF Iu. (21,for drawing the deta pts
hThkkPai, //pea for drnawin Lve
hldPOK IAndle hr deal pen

HBRUSH h~ruul421L /Ibrushes for drawing the data

hMiftBrush, MAWht brush
hOWBrush; //handle for old brush p

char buftfa[1201; /mbuffer for character output

int i, I/loop counter
length. length of character output
NUM ELEMENTS; llnumber of elements

II (discretization)

float in, I/power of ten used in finding
fl max value of w or circ

pzw, l/percent error in lift, drag,
pxw, // and ift/drag*drag given w
prW, ll and given circ

pxg.,
prg,

0 maxw=O, /maximum and minimum values
min W=O, / for w and circ for scaling plots

min ;rc;

float w~ex, //pointers to arrays of floats
• wnmum, fI for storing plot data

* y~coet,

0Sam
FILE *piot I/pointer to a file structure

POW poi //point structure used for
# plotting dafta points

origin, //origi of the current plot
ong[21{-({460,1}). Iogins of the velocity and

(460,320)); / and circulation plots

1380 Ip
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//allocaft memoiry for the Vectors 4
* w -(flal ) lloc(M XNUMBERELEMENTS+1)'uizo (float));

wmanm - (21Mi 0) anuloc((MAXNEM~E4_EEENlS+I)$sizeof`(float));
airc - (float 0) malloc(RMAXNUMBER ELEMENT 1)*sizo (float));
y cont -(flAM*) uulloc((MAXNUAMBER -ELEMENTS+l)'sizeo (float));
gnu - (flot )maWloc(MAXNUhMBERELEMENT+1)*sieo (float));

llcrate red and blue pens and brushes to draw the graphs

hBnash(0J-Ceaeoidm (RGB(255,0,0));
hPenjOJ = QeatePen (PSSOUD, 1, RGB(25S,O,0));

hBrush(1j-Ceaeoidns (RGB(O.O,2S5));
hPen[1 I) CreatePen (PSSOLID, 1, RGB(0,O,253));

hThidd~en = CreatePen(PSSOLID. 3, RGB(O,O,O)),
hWhittBrush = GetStodd~bject( WHITE RUSH);

/use the device default font to fill a logical font structure

GctObject(GetStockFont(DEVICE DEFAULT'_FONT),sizeofM.LOFONT),&lFont);

I/get a handle to the device default font

hFont = CreateFontindirect(&lFont);

4 I/alter the font size and create a small font for the axis Labels

lFont.lfileight - 10;

hSmallFont = CreateFontlndirect(&lont);

4 //alter the font size and orientation and create a vertically oriented font

lFont.lfEscapement = 900;
lFontlf~leight =14;

hFontVert = CreateFontlndirect(&lFont);

II set the background mode to transparent so the text doesn't overwrite data

SetMkAode(PaintDC, TRANSPARENT),

I/open and rmad the temporary data file

plot - fopen(plotdat~tmp,. r');

//read the number of elements

ftcanfwPWYt .d,&NUM EEET)

//read in the spanwise position of the control points, the exact circulation

#I and downwash velocity, and the numerical downwmsh velocity and circulation
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for (la.;i4-uNUM-ELEMDNT;i++)4

focAaploe wwfd%f r.~ &Y-CastiJ. &alJ wejJ

//rnod in tIM percent waro valus

hA. f(plt.~W~dww%l.&pZWApxw, w,&q&xAr)

//don the plot f He

I/alculate the minjimum and maximum values for w and circ

for(i1;,i<-NUMELEMENTS;i++) (

max-Firci ma:X(Pmjij-=Lx(max..circ~circ ii));
min-ciw minpmlil~min(minsarcicircliD));

max-w =max(w~numli],max(masxwvwexliD));

minnw miný.wnuml,rnin(miaRw,w...exlD);

//ensure that max circ and maxw arm equal to the largest magnitude
# circulation and velocity

max-circ - max(fs~ceil(maxýcirc)),WfabsIor(min-circ)));
maxýw - max(fabsceil(maxýw)),~fbsloor(ininw)));

//initialize m and multiply it by 10 until m*10 is greater than maxýcirc,
# then increase mby Sctoiorof 2until mis greater than maxscirc by no
# more than a factor of 2

Wm0.001;

while (m*10.0 <m nwcirc) M -M *10.0;

While, (m < maxýcirc) m -m *2.0;

/Iset max-circ equal torm so the plot will be properly scaled

max-Carc - m;

M-0.001;

while (,u10.0 <maxý_w) M-m* 10.0;

while (m< Maxw) in- m 2.0;

max-w -;
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I//sa th doma vain -qu to the aephvs 1 the ma vaim 4
* uladic - -Imcarc .

minmw- - maxk-w;

//Dinrw and kbha uaph

//$a the origin hr the downwi Plot

origin.;

*A a/drwbox hr thegqh ard =e abox fr the ame

Rccange(hiaDC(intX(origin~x-l90)*wdW"60.0),
(intX(origimy.100)height480.0).

(iMX(origia~x+l70)*widdi640.O),

4 Rcctngie(PintDC(inIX(odrgin~x.30)%widdL/60.),
(intX(origin.y-7S)*heigbn/480.O),
(intX(origin.x+l3 1)*witW64.),
(intX(ofigin.y+76)*height480.O));,

# I/ac a thkpen mWddrw the ame

hOldPen - Sclecdtca(PantDC.hMicklen);

MoeTo(PaintDC,(intX(origin.x-130)*widthi¶60.).
(intXonigin.y*Weght/4So.O));

LiaeTO(PaintD(ilktX(Ongin.x+l30)*width/640.O).
(iutXofigin~y~beght4lO.O));

MoveTo(PaintDC(int~ofigi~x~width/6 .O).
(intX(onghn~r75)height/480.O));

LUeTo(PaintDC,(intXorigin~x~ridW640.0),
(iMX(ongi.y+75)*lwight/48O.O));

flplot the awnnrical solution for downwash velocity

4 iaeiect the red pea and bmAs

hO~dnuh - S1 O~j*P4 tIrCh~rushOjj);

4 mioop though anl of the control points

foi-l- a<NUMELM TSa)
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//Ialmli th x and y omemdis. mmpoendi to a"h poinw

poalt-wiMX(((&y~~jiM.5Sl3O.O)+oigi x)%width)Y640.O);
posny-itX(((((.w ý_imxw)*75.O)fr5Odhwn y)*helg Y480.O);

I/draw a rectangl for the mummerical points

Rhtngle(paintDpoint~x.3,poinLy-.3,poinLx+3,poinLy+3);

//rint -OPI Nectan (numierical point)

point~x - 2S*widdhM4O.,
pointy - 29OheigIW4SO.0'

Rectngl(PantD,point~x-3,point~y-3,point~x+3,pointy+3);

//select the blue pen and brush

SekectbjectQPantDC,hBrush[ 11;

//Plot the exact solution for downwash velocity

//oop thrmgh all of the control points 4

fou(i-1;i<-NUTMELEMENTS;i++)4

U/calculte the x and y coordinates corresponding to each point

point -(intX((((-wý_xiiJ/max..w)*75.O) rfigin.y)*height)/480.O);

Ildraw an ellipse for the exact points

Ellipse(PaintDC,pointx-2,point~y-2,point~x+2,point~y+2);

/print sample Ellipse (exact point)

point~x - l25Swiddi/640.;
pointy - 27Ohecight/430.O;

Eilise(aitDCpointx-2,point~y-2,point~x+2,point~y+2);

11uelect the soliduhn, black pen, the white brush, and the smiall font

* ~Seectden(PaintdC~hOkd'eu);

SelecObject(PaiotDC, hWhiteBrush);
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kO midb w S Atc t UplgCh�F VP)- I
6 I~//AVi the wtoutput to righ a#MWs and label the y oxis

SdrwduutMigdaMICTARIGHT);

4 l/daw the huriawa lines fr do graph

fbfo"-S;14;l++) (

MaowTo(PaiaMD(iMtX(orlgin~x.132)%widt/64.0)
(lntX(wngia~y4i15)bkSighl48.0));

0LineTo(PaiiDC(uvX(odginx+130)Owidd40.0),
(intX(odginy4i*l5)*beigh480.));

IRA" acht horznta line, the number ofdeciinals dispaye depending
4 n on- the magnitude catth maximumo value

if(naxw < 10.0)(

lenth spint~bufer %.2r,(uuax../5.0) * )

0 ~Textout(PainIdC,(intX(origin~x-140)*widthi64O.0),

buffer, lengt);

length - printf~buffer, IM. lr,(nmaxwls.0) 0);

Text~ut(PaintDX,(intX(ogigin.x-l40)*widdtb640.0),
* ~(intX(origin~y-i 1S-3)*height/40.0),

heife, lengt);

0 ~~//raskmr the wa Wgtngmew to left adjused and MWd the x axi

SetToiMfigmaQaiwMcTkLEMf;

MmTofx+~nt~26 gbx~*26M0h.0),
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* leag~lb - qiiat~baft N. %2IfO.'IN);

Twa i~DC (iuaX(wngrsx441i26)%idWh"4.0),

buft, heal);

//kipe theI pice. for the dtculatia graph

angmx -idujchu.x;

ollghy - Jdcffcu.y.

* Reaagle(PaiaeD(iatx(adgizx-190)*Wwwdil4.0),
(intX(origin.y-100)hbeight4lO.0),
(intX(odgin.x+170)*width/4.0),
(intX(origin.y+ I 10)*beight/480.O));

4Rectange(PantDC,(intX(origin.x-130)w*idth/640.O).
(inIX(onigin.y-75)*heigbt4%0.),
(intX(onigin.x+13 I)%idth/640. 0),
(intX(odigin.y+76)hbeig$MSO.O));

Seiecftne(PaintDC~hThickPta);

4 MoeTo(PaintDOC.(inLX(origin~x.130)*width/640.0), 6
(intXodigin~y~heigh480.0));

LineTo(PaimtDC,(intX(origin.x+130)*width/640.0).
(intXorigin.y~beightI430.0));

4 MeTo(PaintDC,(intXorigin.x~widt640.0),
(inlX(origin~y-75)*beght/480.0));

LineTo(PaintDC(intXoriginx~width/640.0),
i(intX(origin.y+75)*height/480.O));

Sedecidea(PaintChPen 10);

Sedcict~jec(aointDC,hBrush[0j);

4 hroi1;i<-N)MELEMENT;i++)(

pomnx(Ct((((ywajiJA yD.)*130.0) odgiiLx)%idthY640.0);
poin~-iaX((((-pamiijmzx~cw)*75.0)+oniginy)heighO/48O.);

Roc-agk(PaintDC.poinLx-3,point~y-3,podnLx+3.pointy+3);
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Jbr~-1$-NUMELMENWS;i++) 4

poim~y(aX((((-Cbidc)7S.0)I7.Ohxiy)h begk Y4I0.0);

* ~"* U x-2,poi@Ly-2.poinLx+2.pointy+2);

TV S~J1.. ~ShWhitaBrush); S

SctTuztlig(PaistDC TARIGHT).

feti--5;i<6;i++) (

* Nk~eTo(PantDC,(intX(ofngin~x-132)*wkdda64o.0),
(intX(origin.y-i*15)0heighi48.0));

LineTo(PaintDC,(intX(origin.x+130)*widd/640.0),
(intX(originLy40S)height/480.0));

4if(nux-w < 10.0)4 1

length - srinIxbffr, %A4.2r,(makxcircS.0) * )

TexOtOutPantDC,(intX(originx-140)*widthI640.0),

4 buffer, length).

* length 4 xih~ufcr, "M. If,(max circ5.0) * i);

TextOut(PaintDC,(intX(origin.x-140)*wkdthi640.0),
(intX(origin~y-i*15-3)*heght/480.0),
buffer. length);

SetTextAligm(aintDCTALEF7);

* iu.5j<6;i4+) (

MloeTo(PaintDC(inX(oangia~x+126)*widtM4.0).
(intX((orign~y+77)*h*Wht480.0)));
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UasTO(PDC,(1MX(a0iglx4i*26)%idWkh4.O).

Thd~(PeldDC,(mgX(odgia~x4l+i26)%wifht4.O),

st(wMjgi~ay+8O)*huigh480.O),

I//=We the iwilcal fm awl kaWe the y axes

'oRIta~(PaNRDChFomVmt)Q;

ength -qWind~bftf. 'WAI*Y

Text~oKPaintDC (intX27S.O*widtJ64.O).
(intXl20.O*height4S0.).

bufrlngth);.

length Whsdntftbfr, NON-DIM4 CIRC*);

TextOut(PaintDC, (intX275.O*wIdtb64.O).

btflrer length),

//wsele the device debult foot back into the &v~ice contex label the

fl x axe and the sample ellipse and rectangle

SeicdFont(PintdC~hFonC);

length =sprintfxbuffer, "SPANWISE POSITION Y/S*); S

TextOut~PantdC, (intX37O.O*widh/640.O),
(intXl9O.O*height/480.O),
buffer, length);

TextOu(PainD, (intX37O.O*widthi64O.O),
(inIX4lO.O*heigtt/4$0.o),
buffer, length);

length -sprindibuffer, *Exact:);.

ToxtOut(PaitDC (intX55.O%4idth/640.O),
(intX26O.O*height/480.0),
buffer, length);

length -spridntffer. "Approx:*);

TextOu(PaintDC, (intX55.0*widW640.),
(int)(280.Ohteight/480.),
buffer, length);
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/Akw the pew 'mw boK and AU in the val.

3a-ai0(Pa1iutDC0mxl.O~wid4O.O),(iMX)300.Oh*idi/4SO.O),
(i1t)230.O%,ldlhM4.O),(iatX340.0hbg1W480.D);

Rae e(PaaDC(iMtX1.O~wi&40.O),(iat)X340.0h*igI480.).

(i1gX230.O*wldt$64.O),(intX36%O.O~beil480.));

(int)(30S.Oheigb/480.),
buft, boogt);

legh-qwizifquffr, *be F7, Fx, Fx(z*2)

TextOut(PaintdC, (intX2S.O%'idth/6.O),
(intX32O.O*bcight430.O),
buffer lengt);

length - spindfouftr *Give Gamma*)*);

TextOut(PaitDC, (WnX54.O*widdi/64.O),
(WnX342.00height480.O),
buffe, lengt);

RectanglePaintDC(intXl.o~widdLI64O.o),(irAtX36o.o~heisbt/480.o),
(int)(77.0*widdi64.O),(intX3SO.0Oheight4SO.0));

Rg~aintDC(ntXC(it78.Owidh640.),(intX36O.Obeiilt410.),
(intX153.O*width/640.O),(intX38O.O*height480.O));

Reafngle(PninDC,(intXl54.*widhth640.O),(intX360.Ohbeight/480.O),
(intX23O.O*width/640.O),(intX3SO.O*heightV48O.O));

Rcangle(PaintDC,(intXl.O*widkk640.O),(int)X380.Oheight/480.),
(int)(230.0*wjdth/640.),(intX40O.O*height(4SO.O));

Reclangle(FantDC,(intXl.OewidW64.O),(intX400.O*height4iO.O),
(int)X77.O*widhth640.O),(intX42O.O0height4gO.O);

RectanglePaintDC,(intX(7.O*width640.O),(inktX400.Oheight480.0),
(in:XIS3.O*widtk/640.O),(intX42O.O*height/48O.O));

Rcctagle(niDC(intXlS4.O*width/640.O),(intX400.O0height/480.),
(intX230.OwidkI640.0),(intX42O.0OheightW48O.0));

length sprintf~buffef, 'Given w*(y)*);

TWxOut(PaintDC, (int)(70.O*widdb"4.O).
(intX382.0*height480.),
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Twoh(PdCis (iua)(2S.O*widihM.O).
0omtX402.O0ihW*aM.O).
lnft, boo

booh - wwdmvt~~. %3U.I%,pxg);

T=OWOPuiinM (igXI02.0Owid&"64.O),
(imtX402.*buight4S0.),
bufir, lengh);

legh w iitkbffeiri '%.W. fp*g;

TeztkutPauMDC (intXl78.O*wdth"64.O)
(intX402.Oheaghl410.).
buffe, length);

length 4prind~bFir, -A.3. 11.pzw);

TextWOutanIDC, (int)X25.O%'iddi/640.O),
(intX(362.O*height/480.O).
buffer, length);

length - qpnint1 (bufferN. If* lfpxw);

TextOut(PaitDC, (intXlO2.O*with/64.O), *
(inIX362.O*htight/480.O),
buffer. kpgth);

length -sprintt~huffer, %30.I%~prw);

TextOdt(PWnD, (intXl78.0*widtht640.O),
(intX362.O*height/430.).
buffer, Length);

11select the onginal font, pen, and brush

IP ir ii~. IlJbOlBrush);
Sdec~aotD bOWPcs);

Selectftnt(fatndC, hOldoat).

//dehete the objs reated for this functon

DeletoObjecs~h~ienalj);
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I/Ak tie Ok ed nMy

As in the paintdatk box, a declaration of the global variables that will be used in

the function is made after the function declaration. Several new variables are also

declared locally to the function. Instead of describing them at this point, they will be

explained along with the main body of the function.

This function uses the malloc function at run time to allocate memory for the data

to be plotted. Its usage is illustrated below. The malloc function receives the number of

bytes of memory heap to allocate and returns a pointer the allocated memory. In this case

the pointer is then cast as a pointer to an array of floats and assigned to w_ex.

wex = (float *) maloc((MAXNUMBERELEMENTS+I)*sizeof (float));

This is repeated for all of the dynamically allocated variables in the paintgraphs function.

A pair of brushes and pens are then created. The hBrush variable is an array of

two brushes, a red brush and a blue brush. The brush selected in a device context controls

how shapes such as rectangles and ellipses will be drawn. Specifically, the brush controls

how the internal region will be drawn. The pen selected in a device context controls how

lines or the borders of shapes such as rectangles and ellipses will be drawn. The

paint graphs function uses the CreateSolidBrush function to create the red and blue

brushes. The function receives a color reference returned by the RGB macro and returns a

handle to the new brush. The RGB macro receives an intensity between 0 and 255 for the

red, green, and blue components and returns a color reference based on the specified
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intensities and the capabilities of the output device. A solid white brush is also created,

but instead of the CreateSolidBrush function, the GetStockObject function is used. The

GDI has several predefined objects, including a white brush. The GetStockObject

function receives an integer identifier and returns a handle to the stock object.

The CreatePen function is used to create the red and blue pens and a thick black

pen. The function receives a line style, in this case solid, a line thickness in pixels, and a

color reference. It returns a handle to the new pen.

The function then creates fonts that will be used to draw text output. The first

step is to fill a logical font structure, WFont, using the attributes of the device default font.

This is done by using the GetObject function. The GetObject function receives a handle to

an object, the size of a buffer to receive data describing the object, and the address of the

buffer. In this case the handle is the return value of the GetStockFont function, the

address of the buffer is the address of the logical font structure, and the size of the buffer

is the size of a LOGFONT structure. The LOGFONT structure is defined as follows: D 0

typedef stMWt tagLOGFONT { /* If*/
mnt lidght;
int UWidth;
int lIMscapement; -
int Ifrientation;
int ItWeight;
BYTE ffltalic,
BYTE IfUndline;
BYTE IfStrikeOut;,
BYTE tharSet
BYTE MutPrecision;
BYTE lCipPrecision;
BYTE hl~uaWW,
BYTE IffitchAndFamily,
BYTE IFwaceNamILFFACESUZEI;

) LOGFONT;

The address of the logical font structure is then passed to the CreateFontIndirect function

which creates a font with the attributes described in the structure and returns a handle to

the new font. The attributes in the logical font structure are then modified and a small

150

A -.. 0- 9 • 0 0



font, hSmaflFont, and a vertically oriented font, hFontVert are created. The IfHeight

parameter of the LOGFONT structure specifies the cell height of the font in logical units.

The tEscapement parameter specifies the orientation of the text in tenths of a degree

counterclockwise from the positive x axis.

VLL now sets the background mode for the device context using the SetBkMode

function. The SetBkl~ode function can set the background mode to OPAQUE, which is

the default, or TRANSPARENT. The OPAQUE mode causes the screen area under text

that is printed to first be repainted with the background color. The TRANSPARENT

mode causes the text to be printed directly over the pre-existing background.

SetBkMode(PaintDC, TRANSPARENT);

The paintgraphs function then reads the data to be plotted from a temporary plot

file, plotdat.tmp, that was created at run time for the current data set. The file is opened

using the fopen function. The fopen function receives a character constant file name string

and a character constant mode, in this case "r" for read only, and returns a pointer to a

stream. In this instance the value of the pointer is assigned to plot, a pointer to a file

structure. A file structure is defined as follows:

typedef struct{
short level;
unsigned flags;
char fd;
unsigned char hold;
short bsize;
unsigned char *buffer, *curp;
unsigned istemp;
short token;

} FILE;

The paintjgraphs function then uses the fscanf function to read the number of data points

to be Hlotted, the values of spanwise control point position, circulation, and downwash

velocity, both exact and numerical values, and the percent error values. The data file is
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then dosed using the fose function, which receves a pointer to a file stream and reurns

* 0 if successfil and EOF if not successful. EOF is a constant that indicates that the end of

a file has been reached.

//open and rmad fte temporary data file

Splot - fopena"tml¶ me);

//read the number of elements

hcanJpK"c,",&NUM=ELEMMM);

Ilread in the spanwise position of the control points, the exat circulation
Hand downwash velocity, and the numerical downwash velocity and circulation

for (i=l;i<=NUMELEMENTS;i++)

6 fscant(plot,'YJJf"W fht", &y contlil, &gamlij, &wexfi],
&w..num[iJ, &circlil);

//read in the percent enr values

fscanft~lot,"l'%Yf %WYf %f %f %,&pzw,&pxw,&prw,&pzg,&pxg,&prg);

//close the plot file

fclose (plot);

The paintgraphs function proceeds by finding the maximurm and minimum values

of circulation and downwash velocity that will be plotted. This is done by looping through

all of the data and using nested max or nin statements. For illustration purposes, the

max_circ case is described.

The max macro compares two values of the same type and returns the larger of the

two values. In the statement shown here, maxcirc is compared with the numerical

circulation value, circ[i], and the returned value is compared with the exact circulation

value, garmi]. The value returned from this comparison is assigned to the maxcirc

variable. This process is repeated over the range of control points so that the final value

* of max circ is the largest circulation value that will be plotted.
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S//cacuk the minimum and Maximum values for waMd cir

fa(i,-l;i<-NUMELEMENTS;i+)

ma cx(mxcirccircliD);
mkincirc - min(pin,min(miu cicfiD);

mnaxýW - max(wnmnil.max(maxkw,w-exli]));
min-w = min(wuum~ianin(minw,w xliD);5

The values of maxcirc and maxw are then adjusted to integral values just greater

than or equal to the larger of the magnitudes of max and min values to be plotted. This is

done using the floor and ceil functions, for the purpose of provide an integral range on the

ordinates of the plots. The floor function returns the largest integer that is not greater

than the argument and the ceiling function returns the smallest integer not less than the

argument.

/lensure that max-curc and max-w are equal to the largest magnitude
/I circulation and velocity

max circ = max(fabs(ccil(max circ)),fabl(foor(min.circ)));
max-w = max(fabs(cei(max)w)),fabs(floor(minw)));

The next ten lines of executable code adjust the maximum and minimum values to

the y axes of the plots so that the x axis is in the middle of the plot and the vertical extent

of the plotted data covers at least half of the vertical scale in either the positive or negative

direction. This is done to give the plotted data a reasonable scale with respect to the plot

area.

l'irwializi m and multiply itby 10 until m*10 is greater than max circ,
I then increase m by factors of 2 until m is greater than mx circ by no

S//more than afactor of 2

m- 0.001;

while (m*10.O < max-circ) m = m * 10.0;

while (m <maxcirc) m - m * 2.0;

i/set max circ equal to m so the plot will be properly scaled
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Mx-Crc - M

WM 0.001; 5

whle (m*10.0 < maaxw) ma - m * 10.0;

while (m < aexyw) m - i * 2.0;

MAxw - m0;

adt the man vaues eqal to the netive of the max values

mainrc - -max .circ,

min w - -mxw, S

The origin is then set to the origin of the downwash velocity plot and the box

outlines of the graph and the plot region are drawn using the Rectangle function.

Uset the origin for the downwash plot

odgin.x = oringdownwash].x;
orgin.y = oridgdownwahj.y.

Idraw a box for the graph and use a box for the axes

Reangje(PaintDC,(intX(origin.x-190)*%idt/640.o0),
(intX(origin.y-lO0)*height/410.O),
(intX(origin.x+l7o)*WtW64.O),
(intX(odgin.y+1lO)*heigbht4SO.O));

Rectaagle(PaintDC,(intX(origin~x-l30)%iwdzh/40.0),
(intX(origin.y-75)*heigft/4s0.0),
(intX(orgin.x+131)'wi1t640.O),
(intX(originy+76)*height/4O.0));

The x and y axes are then drawn using the thick pen. The MoveTo and LineTo

functions are used for this purpose. The MoveTo function receives a handle to the device

context and a Cartesian screen coordinate and moves the current position to the

coordinate. The LineTo function also receives a handle to the device context and a

Cartesian screen coordinate. The LineTo function causes a line to be drawn to the device

context from the current position to the specified coordinate, using the pen selected in the

device context.
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U sdele a thick pan and draw the axes

MuvitTo(PaintDCQMX(origiiLx-130)%i~dYh64.O),
(infX~orighinyheiSW4tO.O));

4 ~~LineTo(PaiMDC(intX(originx+130)%ridthM4.O).
(uAXuigin~yheciSh480.O));

MMvTo(PaiMD(IntXcngnx*w~ddh4OO),
(IntX(onginy-75)*Wheiht48.O));

* ~ ~ 1 UnTo(PaintDC(intXorigin~x%4dda/640.).
(intX(origin.y+75)hecight/430.O));

The nunmeical solution for downwash velocity is then plotted using the red pen

and brush. A for loop is used to index through each point and calculate the associated

screen coordinate and draw a red rectangle centered at the screen coordinate.

Selectpa(P=inDChen(O);j*an~hnhO)

i/loop though nil of the control points

fom(iinl;i<-NUKELEMENTS;i++)4

S//cakculm ie hx and ycoordinates corresponding to each point

poiy(ntX((((-w...mmlijmax)ý_75.O0or gin.y)*heightY48O.O);

//draw a recangle for the naunerical points

Rcamngle(PantDC~point~x-3,pointy-3,poinkLx+3,point.)43);

A sample rectangle is then printed. It will be used as part of the plot legend.

//prnt am rectangle (ninnerical point)

poiii~x - 1253aidth6.O;
point~y - 290hbeigle1410.;

* ~~Rectangie(PaintDC~point~x-3,point~y-3.point~x+3,point~y+3);



4 S

The process is repeated for the exact solution for downwash velocity, using blue circles

0 intead of red rectangles. The code is shown above and is not repeated here. S

The thin black pen, small font, and white brush are then selected into the device

context for the purpose of labeling the graph and filling in the horizontal and vertical lines

* on the graph. The text alignment is set to right adjusted using the SetTextAlign function S

prior to printing. The SetTextAlign function receives a handle to the device context and a

text alignment flag. The text alignment flag can be any of the following:
* S

TACENTER horizontally centered

TALEFT aligned to the left

* TARIGHT aligned to the right 5

//select the solid, thin, black pen, the white brush, and the small font

SelectPen(PaintIC,hOldPen);

* SelectObject(PaintDC, hWhiteBrush); S

hOldFont = SelectFont(PaintDC,hSmaflFont);

//align the text output to right adjusted and label the y axis

• SetTextAlign(PaintDCTARIGHT:);

A for loop containing MoveTo, LineTo, sprintf, and TextOut function calls is then

* used to draw the horizontal lines and label the y axis. The number of decimal places

drawn in the y axis labels is selected as one or two depending on the range of the graph.

I/draw the hoiWatal lines for the graph

for(i--5;i<6;i++) {

MoveTo(PaiutDC,(intX(origin.x-132)*width/640.0),
(intX(origin.y-i*15)*height/43O.O));

LineTo(PainDC,(intX(ongin.x+130)*width/640.0),
(intX(origin.y-i* 15)*height/480.0));
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1Pd elftchuI -lHW&*whe Q efd0imks&*Pl'd d*"WiM6

Text~w(P~iiDC, (irjX(nd~is~ax-140)*wid1Wb".O),
(imtX(w~gmy4*1S-3)*heghtt4*a.0)

length spqdntf(buffer, *VA.Irf,(maxkw/3.0) i)

Tedut(PaitD)C,(iatX(onaiaiix-140)*widtkM40.0),
(inX(origin~y-i 1S-3)hbeight/430.0),
heifer, length);

After restoring the text alignmet to TALEFT, the default value, another for loop

* ~containing MoveTo, LineTo, sprintC and TextOut function calls is used to draw the

vertical lines and label the x axis.

I/restare the text aligument to kWt adjstefd and lide the x aids

6 ~~~Set~ext~iignMPitCTALEVI);

MloveTontDCM(iatX(orsigiix+i*26)%widda64.0),
* (IMtX((orinhy+77)*beight/480.o)));

Um=ToX(Pongm~uX~wihx+i*26y'widahM .O),
(iftX((ongishy-75yheighlI4IO.0D);

length spqdatt(buffr, 61.ro.*)

6 ~~TexOut(PainD (intX(ocigin~x4+i*26)*widthM".0),
(intX(onigimLy+SO)beight/430.O).
bufte, lengt);
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4The orgin is then roesa to the circuation graph origin and the entir process.

mcW pfor drawing thesampC*emtuigi W dhlpmis riepeated for th cir dltioflgVaph-

The code is mho"n above and is not repeate here. The vertical and device default fonts

4are then used in cou~jucio with sprnt and TetOutd calls to lael the graph and the plot

4I//Sele the vertical foo anW label the y axes

SelectFont(PaintDCbFontVcrt);

length - sprintf(buffr, "W/U);

4 TextOutPaiaDC, (intX(275.Owidth/640.O),
(intXl2O.O*beiglW4SO.O),
buffer, length);

length - spintfRbufer, NON-DIM CIRC");

4 TextWOutantDC, (iat(2 7S.OwidtW64O.O),
(WInt350.O*height/480.O).
buffer lenob);

//uclect the devic debit fon back into the devce contxt, lWbe the
IIx axes and the amuple ellipse and rectangle

SelectFont(PaintDC~hFont);

lengt - qxntt~buffe "SPACWISE POSITION Y/S*);

TextOm(PaintDC, (intX37O.O*width"4.O),

4 (intXl9O.O*height/480.),
buffer, length);

TexOut(PaiMZC (intX37O.O*widW64.O),
(intX4lO.OhecightI4S0.O),
buffer, length);

lengh srinf~bui~r Exct:*);

TextOutOPantDC, (intX55.O*wid"W4.O),
(int)(260.O*heightI48O.O).
buffer, length);

length = wintl(buftf, *Appox:");

TextOut(PainDC, (intX5S.O*width640.O).

158



The percent error data box is then drawn with a series of Rectangle finction calls

and filled in with spinif and TextOut cals The screen output is complete at that point.

The oiginal font, pen, and bash are selected baeA into the device context and the fonts,

pens, and brushes created for the paintraphs function are deleted. The memory

allocated for the plot data is freed and the function terminates without a return statement.

The code is shown above and not repeated here.

A.A.3 TMe VLL printdatabox and print_gpaphs functions.

VLL uses two functions to draw output to the system printer. The first is the

printdata~box function. The print data box function is nearly identical to the

paintdata_box function. The difference is that while the paintdatabox function uses the

globally defined width and height variables that are initialized in the WMCREATE case

Sin the MainWndProc function, the print databox function declares local width and height

float variables and calculates the horizontal and vertical display size internal to the

function. These code segments are shown below.
0 *********************************** "

*Variable dedlaratk• *

float width, //scale factors for ensuring the
Sheight; I graphical out is scaled to

I a 640 by 480 window

//determie the width of the display in pixels and the height of the display
// inraselinesandcastthemasfleats

width - (flost)GeDeviceCaps (PaintDC, HORZRES);
height - (flWt)GeDeviceCas (PaintC, VERTRES);

I/since the normial display aspect ratio is 4 to 3, ensure that the graphical
I# output made by the program is in that aspect ratio

* if((width/height)>(4.0/3.0))
width - height*(4.0/3.0);

else
height - width(3.0/4.0);
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The V Lwm f used by VLL to dra w outapt to the sys1em printe" is the

printrab s. The pn w Uk th pint_d,_box fimhon, is

n identmical to its screen paimting countrpa. The difeence between these two

funcaim is also in the local decaration an calculaton of the width and height variables.

These code segments are shown below.

* Vai*Ie declarations

fm width, //scale factrs for enstring the
height; fl graphical output is scaled to

f a 640 by 430 window

/deteumine the width of the display in pixels and the height of the display
II inrasterfinesandcastthemasfloats

width - (lloat)GcDeviceCap (PaintDC, HORZRES);
height - (noaM)Ge•-viceCaps (aintDC, VERTRES);

Ilsince the normal display aspect ratio is 4 to 3, ensure that the graphical *
//output made by the program is "n tht aspect ratio

width - height*(4.0/3.0);
else

height width*(3.0/4.0);
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"APENDICK A.6

VLL program Ngtidugi
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A.6 VLL program Motdes. 9
The VLL W'idowasm application uses thirteen files. Listings for these files are

included with this document as Appendix A.6 on a 3.5 inch, IBM PC formatted, double

sided, high density floppy diL The fles are saved in an ASCII text format which can be

read using a DOS text editor or any word processor capable of reading DOS text files.

The complete files of this and the other programs in this thesis are not included in the

written text of the thesis in the interest of limiting the size of the document. This page is

included with the listings in a file named README.TXT.

The files included on the disk are described below.

VLL.C -contains the WinMain, MainWndProc, WMCommandHandler,

and dialog box functions.

PRTGRA.C -contains the print-graphs function.

NEWSOLVE.C -contains the LUdecomposition and LUbacksubstitution functions.

PRTBOX.C -contains the print data-box function. 0

PNTBOX.C -contains the paintdata_box function.

PRTGRA.C -contains the paintjgraphs function.

VLL.DEF -the module definition file.

VLL.RC -contains definitions of the resources used in the VLL program.

VORTEX.C -contains the vortex function.

HEADER.H -contains the #define and #include statements for the VLL program.

VLL.H -contains the definitions of the WindowsTm identifiers.

README.TXT -contains a copy of this page.

The following files are not readable text files.

FOIL.ICO -describes the icon used to represent the program in the

Windows~m Program Manager.

VLL.PRJ -the project file read by the compiler.
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APPENDIX B

2D Vortex/Source Lattice with Lighthil Correction Program Code.
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"APENDIX B.1

The VLMLE WinMain, MainWu4.Proc, and WMComnnand Handler functions.
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B.1 The VLMLE WinMain, MainWndProc, and WMCommandHandler

functious.

The WinMain, MainWndProc, and WMCommandHandler functions in the

VLMLE WindowsTm application program are very similar to those of the VLL

application. For this reason, the disc ssion of the functions will consist mainly of a

comparison of the differences between the VLMLE functions and their VLL counterparts.

B.I.1 A comparison of the VLL and VLMLE WinMain functions.

The WinMain function for VLMLE differs from the WinMain function for VLL,

essentially, only in the addition of the SetTimer function call shown below.

lcreate a timer
SetTimer(hWnd, TIMER IO0,NULL);

The SetTimer function call is made immediately following the creation and display

of the main window. The SetTimer function receives the handle to the window for which

a timer is being set, a WindowsTm identifier for the timer, the time-out duration in

milliseconds, and the instance address of the timer procedure. In this case, the handle of

the main window is specified as the window associated with the timer. IDM_TIMER is an

identifier that is defined in the VLMLE header.h file. The NULL value for the instance

address of the timer procedure and the 100 for the time-out value mean that the timer will

cause a WM_TIMER message to be posted in the application message queue every tenth

of a second. Since WindowsTm provides only a limited number of timers, it is important to

make judicious use of them and to properly terminate their use in order to return them to

the operating environment for use by other applications. This will be taken care of in the

MainWndProc function.

B.1.2 A comparison of the VLL and VLMLE MainWndProc functions.
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6

The dieee between the MainWndProc functions for the VLL and VLMLE

* functions are more extensive than those of the WinMain functions. The VLMLE

MainWndProc function is shown below.

LRS T CALLBACK _export MainWndPmc&HWND hWnd, UINT memage,
WPARAM wParam. LPARAM IParam)

I

switch (message)
{

I/tls cas refers menu selections to the WMCommandHandler function

case WM COMMAND:
{

return HANDLE WM- COMMA (hWnd, wParam, Waran, WMCommand Handler);

}

4 cast WMPAINT:
{

I/this case handles painting the screen

HDC PaintDC; //handle to a device context

4 PAMITSTRUCT ps; lpaint structure

I/prepare hWnd for painting and fill the paint structure, ps

PaintDC = BeginPaint(hWnd, &ps);
* //paint the data box whenever the screen is repainted

paint databox(PaintDC);

//paint the graphs if the fortran executable has been run and the variable
II data has not changed since it was run

ifmnk_nas

paint-graphs(PaintD);

//mark the end of painting hWnd and return 0

EndPaint(hWnd, &ps);

return 0;
* o;

case WMTolER:
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BI

I/this can is e= dctd each timer interval. it looks for the file that
fI indicatin the fortran ecutable is terminating and then repaints the
U scmen and so the run flag

4 i(access('vnle.deo--. 0) 0)

RECr temprect //temPorary rectangle structure

HDC tempDC; //handle to a temporary device
fl context

float width, //scale factors for ensuring the
height; II graphical output is scaled to

" by 480 window

I/get a handle to the screen device context

tempDC = GcetDC(hWnd);

//determine the width of the display in pixels and the height of the display
fl in raster lines and cast them as floats

width = (float)GetleviceCaps (tempDC, HORZRES);
--- height - (float)GetDevceCaps (tempDC, VERTRES);

//since the normal display aspect ratio is 4 to 3, ensure that the graphical
fl output made by the program is in that aspect ratio

4 if((width/hcight)>(4.0/3.0))
width = height*(4.0/3.0);

else
height = width*(3.0/4.0);

//release the handle to tie device context

4 ReleaseDC(hWnd,;mpD ;

runjlag - 1;
I/cause appropriate sections of the screen to be repainted

tempect.top = (int)(lderect.top*height/4S0.0);
tempject.bottom = (intXlefrectlbttom*heighNt4l0.0);
temprect.left = (int)(eftrect.LkfwidtW640.O);
tempectrisght - (int)(lekfectright'widt/640.O);

InvalidateRectoWnd, &tcmprect, TRUE);

temprect.top - (intXrightreatop*height/4S0.0);
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temprMLbom - (intXrtrecmtlbe m*hfidt4aO.O);
temp-ctom - (intXrZrCMet.km*w eidh"/4.O);tmpWeMtM g -t (intXfigrteC right*wid640.o);

IAvaMdatec•l chWud. &eu.pjact, TRUE);

unink(Mvmle.do");

return 0;

can WM DESTROY:
(

//this case handles requests to exit the program made by methods other than
If the ma men

Ildelete the temporazy files

if(access(input.dat", 0) = 0) unlink(minputdat");

if(access("outpuLdat", 0) - 0) unlink("outpuLdat");

//remove the tiner and request that the program be terminated by the
II Windows environment

KilfTimer(hWndID TriMER);

PostQui*Aessage(O);

return 0;
)

I
return DedWindowProc (hWnd, message, wParam, IParam);

I

The MainWndProc for VLMLE has a function declaration identical to that of VLL. Like

VLL, it also consists of a switch that handles four cases and passes messages not handled

by the switch to the default window procedure. The WMCOMMAND case and the

WMPAINT case are identical to those of VLL.

A WMCREATE case is not included in VLMLE as it was in VLL. In VLL the

case was used to initialize global variables containing data regarding the horizontal and
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vertical dimensions of the monitor display area. In VLMLE these calculations are

performed in the output functions, paindatad box and paintraphs and locally in the

cases which cause only portions of the monitor display to be redrawn. The advantage of

performing the calculations in the output functions is that the output functions can be

written to be independent of the output device. This means that the paintdatabox and

paintgraphs functions write output both to the monitor and to the printer and no

additional output functions are required. The disadvantage, which is extremely minor, is

that the calculations must be repeated relatively frequently.

The VLMLE MainWndProc has a case, the WMTIMER case, that is not included

in the VLL function. The WMTIMER case responds to WMTIMER messages

generated by the timer that is created in the WinMain function. Every tenth of a second, a

WMTIMER message is posted in the application message queue. In response to the

messages, the access function is used to check for the existence of the vlmle.dne file. The

vlmle.dne file is the dummy file that the VLMLE FORTRAN executable writes

immediately prior to termination. If the file is found to exist, local variables are declared

for the purpose of determining the size of the monitor display area. The size of the

monitor display area is then calculated. The run flag is then set to indicate that the current

set of variable data has been run and output created.

cme WMTAMR:
*{ "-

//this cane is exeoued each time interval. it looks for the file that
ll indicates the fortran execmtabl is ýtnain.ng ad then rWnts the

Ml eM and Uts the run Tl

ilaccessC'vhe.dnc, 0) -0) {

RECr temprect //temporar retangle strctr

HDC tempDC; I/aumdle to a temporary &-vice
fl context
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MIOat width. //cale factoS for emainng the
WOO;h U grhical o~ulpt is seldw to

# a 640by 430window

//VIat handle to the scree device couate

fempDC - GuIDC(hWnd);

//determin the width of the display in -xd and the beaght of the display
flin -elines ad endthem asfloug

width - (fioat)GetDkviceCaps (ItempMC IOIRZRES);
height - (fio@t)Get~viceCaps (tempDC. VERTRES);

//since the normal display aspect ratio is 4 to 3, ensre that the graphical
mq ma~ude by the prohin i nthataspectratio

width - higbt*(4.O/3.O);

height = with*(3.O/4.O),

//resese the handle to the device context

RdeleeDC(hWnd~fteipDQC;

* 0 rnikflag - 1;

//cause appropriate sections of the screen to be repainted

tempjrect~top = (int)(kettjcttopheight/4@0.);.
temp rectbottom - (int)(left recLbottom*heght/480.0);

* ~temnp rectkit - (intXleft_rectieft*width/640.0);
tempject.right = (intXleftjectrigh1*widthW640.O);

InvWlidateect(hWnd, &Acmp rect TRUE);

ftepret~top = (int~rightrecuop~height/4g90.);
* ~temp rect~bottom = (intXdightjectbottom*heightl4so.0);

teanpjec0Af - (in9Xrightrectieft~width/640.0);
temprectight (intXrightrectright*widthJ64O-o);

hrvalida~eRect(hWnd. &temp rect. TRUE);

* awdWnk(Mme.dne);

return 0;
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The case then causes the area of the monitor exclusive of the Current Variable Data area

to be erased and then repainted by calling the InvalidateRect funm n and speciying the

appropriate rectangles. For tlis purpose the global rectangle structure variables left rect

and rightrect are scaled so that monitors with other than a 640 by 430 display area will be

0 handled properly. The reason for not invalidating and redrawing the entire screen is to

prevent screen flicker in the Current Variable Data area. The vlnle.dne file is then deleted

using the unlink function and the case is terminated by returning a value of zero to indicate

0 that the message was handled by the function.

The WMDESTROY case is functionally identical to its VLL counterpart with the

exception of the addition of a KillTimer function call.

0 KiUrh'(hWndIDý TDMER);

The KillTuier function receives a handle to the window associated with the timer to be

terminated, and the identifier of the timer and removes the timer. This is done due to the

6 limited number of timers available in WindowsTm so that the timer may be assigned to p

other applications.

* B.I.3 A comparison of the VLL and VLMLE WMCommandHandler functions.

The WMCommandHandler function for VLMLE is very similar to the VLL

WMCommandHandler function in terms of functionality provided as well as structure. It

* is shown below in a series of segments, with a narrative discussion of the code

interspersed throughout the segments.

The function comists ninly of a switch that handles requests made by the user

* with the main menu. At the start of the function a declaration of a pointer to a dialog

procedure, dlgProc, is made. The pointer is used in three of the switch cases to process

requests for interaction with dialog boxes.

void WMCemmad HandeMr(H hWnd, mA id, HWND bwndCd, UINT wcotify)
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DLCI'OC g9PMo //pointe to a dialog pWMouw

swisch (40)

The first can handled by the switch is the IDMRUN cae. This cae responds to

the main miui FeRun selection. The cae first calculates the scree display area size in

the ame way used by the WM TIMER cae in section B. 1.2.

case 1DM RUN: {

RECr Nmprat /tempuz r-cm& 'ctmr

HDC tmpC; //hamdle to a temporary device
4 //=)fltcxt

Gast WII, //scale factors for emuring the
height; II graphical output is mscled to

f a 640 by 430 window

l/get a handle to the screen device contt

ftmpDC - eIDC(hMnd);

//demmi the width ofthe display in pixels and the height of the display
flin smrPlinesandcastthemasflMats

4 width = (aaod)GetDviceCas (tempDC. HORZRES);
height - (fkoat)Cde'vieCaps (tempDC, VERT.ES);

aMe the nm'al display aspect ratio is 4 to 3, ensure that the graphical
fl output made by the progrm is in that aspect ratio

4i((wkidmkh/ight)>(4.o/3.o))
width - height*(4.0/3.o);

else
height - wkdt*(3.0/4.0);

r /Amku the hande to the device context

RekeaeDC(hWnd,tempDC);

The case then dears the run flag in order to indicate that the current variable data

* has not yet been processed by the FORTRAN executable, and then clears the portion of

the scren external to the Current Variable Data area. After this is accomplished, the
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input data file input.dat, that will be read by the FORTRAN mexutablk is written. Tie

4 mamber of panels to be used, the ideal lift coefficient, the angle of attack relative to the

ideal angle of attack, and the thickness to chiord ratio are included in the file.

4 INthem asker selctsa. write twhe iayuL Mie aed nos the
#I viMe fotram propmo

//dear tIe - flag and came the screen, odwr dim the data box. to
/be repiained

naa-flag - 0;

//cmaus qprapthtat sections of the screen to be repainted

temp recttp - (int)W~recMap~heightl48.0);
temp reetbottom - (intXleft_rectbottoroheight/4W80.);

6tm Swrea±Ieft - (int)(left~rectift~wIdtk640.O);
teinpjrectright (int)Ieft-reatrighWidthW4o.);

InvalidateRectoWnd, &zemp rect TRUE);

tempjrectop = (intXngfr..rcttophdgb~t/430.O);
4 tezopjectbottom = (int~rightjetbottoinheight480.O);

temop rct~left -(intXrihtrectIeft~widtb*4.0);
temp rectright = (intXrightectright~widt640.0);

Ianvaidate~ecO~Wnd, &temp rect, TRUE);

4 InvalIdatRect(hWnd. &uight rct, TRUE);
InvalidateRctoWnd, &left tact, TRUE);

110pen the inputdat file and write the data used by the fortran execuable

in fopen(NPU.DAT¶ *w);

4 Ifirintfin,'5W Wn,NUMBER.PANELS);

fpintlfTi,%f An.ideaIlift coefficient);

fpjxinW~n6.ddtkaalpha);

4 fp~do~ntl ~n",thidck essk~chordjaio);

fdom (in);

The FORTRAN executable is then run by a call to the WinExec function. The

Wbfnixec function receives a pointer to the command line of the program to be run and the
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window sate an which the prograi will be displayed. In this case, a WindowsTm Program

Information File (.pit) which names the executable and describes how it is to be nn is 5

called by the WmnExec uncion. This causes the FORTRAN program to be run in an

iconified DOS window. The case is then terminated and execution of the FORTRAN

executable continues in parallel with the Windows1m program. 5

1/nm the Inrtan exCM~ in an inconillied DOS window

WinExec(wvl•Ie.pi-, SW_sHoWMI M );

1 ~bleak;

The IDMPRINT case is virtually identical to the VLL IDMPRINT case, which

is described in detail in section A.3. 0

cane IDM PR/IN: {

I/ths cane cats the prnt dialog box

PRI•rMLG pd; //print dialog structure 0

DOCINO di; /Idocument information structure

mt j; /lpagr counter

4/iif a print request is made using the main menu and the case has not been rnm,
//print a warni g and deny the request

if (nrunlg

•Iw _seBeep(MBICONEXCLAMATION); 0

MessageBox(hWnd, WMust run program prior to printing•.,
"WARNINGI", MUBICONSTOP I MBpK I MBTASKMODAL);

break , 6

)

/otherwise, pVocesn the request

lset all structure members to zero.

memns&pd, 0, size0o(RMIDLO));
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a~l~ Si ui Oam(oa l
di.IszDocNam - OVLMIF;

d)satp - NULL

/Ankdaomz the mcoy PRinWIL uruclw Inumbers

pd..Mia&)ags-l; I
Pdr~npmx~pI

if (PinDag(&Vd) 1- 0)

SaartDoc~pdDC~di);

fofwj-; j~pnCopis; j++)f

StarPage~pd~bDC);

paintdaia~box(pd~hDC);.

paintzraphs(pdLhDC)*

End~agc(pd~hDC);

EadDoc(pdhbDC);

DeIddD(p&hDC');

if (pi~hDevfmod I- NULL)
GlobuiFre(pdLh~ev~ode);

if (pdbhDevNames 1= NULL)
Glcbel~rce(pd.b~evNames);,

The next case handles requests for the Geometry diaog box. As in the VLL

WMCommndanlc function, the MakeProclnstance, DialogBox, and FreeProclnstance
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functions are used to call and handle the dialog box. After the dialog box is terminated,

the nmber of panels indicated by the user is tested. If the nmber fals outside the range 0

of five to 100, a warning message is printed and the dialog session is repeated by using the

SendMessage function to simuldate a main menu request for the Geometry dialog box. The

screen is then caused to be repainted using the InvalidateRect finction. Since the run flag

is cleared in the Geometry dialog procedure, this causes the Current Variable Data to be

updated to reflect the new input data and the rest of the screen to be cleared.
9

cute DM GEOMErRY: {

latis cae calls the geomn dialog box

digProc - (DLGPROC)MakeProclnsaace((FARPROC)DlgPrc, 0
th]smnce);

Di--n - "GEOMETRY*, hWnd, dlgProc);

Frce! oclnsane((FAtPROC)UgProc);

Irtf the number of elements input by the user is outside the allowabe
//print a warning. causme the dialog to be reinitiated

iNMBERPANELS>100IINUNMERPANELS<5) (

Messapeox(hWnd. *Number of Panels must be between 5 and 1000,
"WARNNGIr, MB ICONSTOP I MBOK I MBTASKMODAL);

endMessg(WdWMCOMMANDIDMGEOMEffYMAKELONG(O,O));

//othanise, cause the sceen to be repainted and terminate th case

lnvalidate•ct(Wnd, NULL, TRUE);

_- ) S

The IDMPARAMETERS case handles main menu requests for the Parameters

dialog box. It calls the dialog box procedure and then causes the screen to be repainted

with the same results as the !DMGEOMETRY case.
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cm MMbIPARAI.ETES: (

/Abia cm call the pssaftny dialo box O

dlgfruc - (DLGPR3U) (lomu(FARPOC)NextMlPro

Dia~o~L.hluutmm. 'FARAMIEThRS, hWad. dlgPro);

JnafldtcRectW4d NULL,. TRUE)

The 1DMEXT case deletes the temporary data fies, kills the timer, and requests

that the WindowsThl environment ternmiate the progra. The 1DMABOUT case and the

help feature case work in the same way as their counterparts in the VLL

WMCommand Handler finction.

case 1DM EXrT:

I/this case delees the temporaiy files and terminates the program

if~access(9nuLdat. 0) - 0) unlink("npuidat);

dltacc utoputdse. 0) - 0) unhikCoutPutLda);

UIremove the ftme and req=9a fthah program be terminated by fth
II Windom environento

Kill imer0WndIDTIME);

canM ABOUTf:

I/Abas cme calls the About dmIaog box

dlgProc - DLGPROC)MakeProcInstane((FARPROC)ABOU11~lgero
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DialogBox(ghlnesunce, "ADO~f, hMud. dlgProc);4

Free5Pro6Iaace((FARPROC~dgProc:);

brak

I/Abe next several case respon to the help sectio of the main menu

can IDM HELPGENERAL:
{MemgeBox(hWnd, OMe 2-D Voulextbource: LtIc Program~

applies a vonex lattice metliod with ILighthlll Correction. ft Calculat~es'
and display prowar coeffcient on the upper and lower surfaces of a \
NACA 66 a-0.3 mean line foil with NACA 66 (Mod thickness form.nA~n\
7Ue user selects; angle of attack relative to ideal angle of attack and~
ideal lift coefficient.,
"HELY" MB ICONDNOXRMATION I bMBOK)

breai

* ~case IDM HELPRUN:
MlessageBox(hWnd, *When FileI Run is selected from the main\

menu, the program uses the Current Variable Data to calculate and display
pressure coefficient on the upper and lower surfaces of the foilrAn\n
The total lift coeficient is also calculated and displayed.\n\n\
This selection also causes a tecplot fideý 'vlme-tec, to be written\
to the directory where the program is resident., *

* 'HELPF MBICONINFORMATION I MB OK);

cuse 1DM HELPPRINT:
( MessageBox(hWnd, "When 'FilePrnt' is selected from the main\

menu, the programn invokes standard Windows Print and Print Setup Dialog\
boxes to allo the user to print the data that appears on the screen.",

"HIF" MBCONINFORMATION I NMBOK);
break

* ~case 1DM HELPEXIT:
4MemsgeBox(IiWnd, 'When TFilej~xit' is selected from the main~

menu, the program is terminated.",
'HELP', MB ICONINFORMATION I MBOK);

break

case 1DMHELPELEMENTS.
MiessageBiox(hWad, 'When 'OptionsIGeometzy' is selected from the main

mema, the user may select a number of panels to use.\n~n\
The number of panels must be between 5 &nd 100, inclusive. The defaut value~
for the number of panels is 40.',

* ~"HfELP', MB ICONDNFRMATION I MB OK)
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cas eI DMHELP7HCKCHORD:
Message•ox(hWnd *When OptionoGeometry' is selected from the main \

menu, the user may select a value for the thickness to chord ratioAnln*,
"*HELP. MB CONINFORMATION I MBOK);

break;
}

case DM -HELPPARAMETERS:
{ MessageBox(hWnd, "When ptioonspareters is selected from the \

main menu, the usei may select values for ideal lift coefficient and the X
angle of attack relative to the ideal angle of attack.\n\n,

HELP-, MB ICONINFORMAITON I MBOK);
break;

1

I
I
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0

B.2 The VLMLE dialog and output functions.

The dialog functions that initialize and handle input for the VLMLE dialog boxes

are completely analogous to the VLL dialog functions described in section A-4. A

complete listing of the VLMLE functions may be found in section B.4.

The paintdata_box function, shown below, fulfills the same roles as the VLL

paintdatabox and print_databox functions. This is made possible by calculating the

scale factors for the width and height of the display internal to the function. The other

significant difference between this function and the VLL functions is in the use of fonts.

The VLL functions select the device default font into the device context and use it to draw

the text output. VLMLE uses the system font.

void paintdatabox(HDC PaintDC)
{

* declare variables that are defined in the vhnle.c file and that *
* * will be used in this function *

extern int NUMBERPANELS;

extern float deltaalpha, ideal lft_coefficient, thickness_chord ratio;

* Variable declarations

char buffer[1201; //buffer for character output

int length; //ength of character output

float width, //scale factors for ensuring the
height; I/ graphical output is scaled to

II a 640 by 480 window

1/determine the width of the display in pixels and the height of the display
I/ in raster lines and cast them as floats

width - (flt)Get eviceC•aps (aintDC, HORZRES);
height - (Mk)at)GeDeviceCaps (PaintDC, VERTRES);

I/since the normal display aspect ratio is 4 to 3, ensure that the graphical
I output made by the program is in that aspect ratio
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* if((width/heighI)>(4.0/3.0))

de width - hmght*(4.0/3.0);

height - wAdL -(3.0/4.0);

//encloee the current variable data box in a pair of rectangles

Rectangle PantDC (i nt~Iwidth/4.0),(int)X20height/480.O).
(int)X205with64.0),(intX45hbeight48O.0));

Recange(ainDC(intXl.O~wdth64O).0(intX4sheight/480.0),
(intX205*widt/6.0).(intX290*height480.0));

M/abel the box

length - sprintf(buffer, "CURRENT VARIABLE DATA");

Tetxut(PaintDC,(intX6*width/640.0),
(intX25*height/4S0.0),
buffer, length);

length - sprintf~buffer, wThicknss form:");

Text~ut(PaintDC,(intXlO~widtli640.O),
(intX5O*height/48O.0),
buffer, length);

length = sprintfdufer, "NACA-66(Mod)");

TextOut(PantDC,(intX25*widtb/640.0),
(intX7o*heightl48O.O),
buffer, length);

length = spritfbufr, *Camber.");

TextOut(PaintDC,(intXlO*vbidth/640.0),
(intX9O0height/480.0),
buffer, length);

length - sprinl~buffer, "NACA a=o.S);

TextOut(PainDC,(intX25*widzh640.O),
(intXl 1O*height/480.O),
buffer. length);

length = sprintfiufer, *Number of Panels");

TextOut(PantDC,(intX10~widdL/640.0),
(intXl3O*heightt480.0),
buffer, length);

length - sprint~ber, "/.d",NUMBER PANELS);

182



Taat(uiznd)C,(lntX2S0widthM4.0),
* ~(inXl50*hfgtW480.),

buffir, length);

lengt - qwindMt~er, 'Ideal Lift COxff);.

Tcxi(PintdC,(iMtXlO*Width6 .O),
(intXl70huigWl430.O),

*~buthr. knobh);

length -qwindouffier, %50.3f,ideal lift

TextOut(PaintDC,(int)(25*with/64.O),
(intXl9O*heightI48O.O),

I buffr, length);

length - qxinf~ufr, "Alpha-Alpha(ideal):O);

TextOut(PaintDC,(intXlO*widtW640.O),
(intX2lo*height480.O),

4 buffer, length);

length = spuinftfuffer, "W.3f"delta~alpha);

TextOut(PaintDC,QintX25*widtIW640.O),
(intX23O*height/480.0),

* * buffer, length);

length = sprintf~xzfer, Thick/Chord R~atio:*);

TextOut(PaitDCQintXlO~width/640.O),
(intX2SO*heightI4SO.O),

* ~buftb, length);

length = sprindfibuffer, %S..41",thidcnesschord wratio);

TextOut(PaintDC,(intX25*widthI640.O),
(int)(270fteightlAsO.O),

* ~buffer, length);

The paintgrp~hs function in VLMILE, like the paint-data-box function, fu~las the

* ~same roles as its VUL counterpart fUnctions. This is accomplished in the same way as it is

in the paintdAata, box function. The VLMLE paintjah function also makes use of the

system font rather than creating additional fonts. A complete listing of the paintgrp~hs

* ~function is contained in section BA4

1*
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APPENDIX B.3
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The VLMLE FORTRAN program.
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) i

F
LI "IIM VLMLE FO• •.

' 4 The W'mdowsTu version of VLMLE reties upon a modified ve•on of the original

FORTRAN VLMLE program to perform the required hydrodymm• calculations. This is

done in favor of •mverting the FORTRAN code to the C proganuning language.

4 Although the • would be rdafively simpte in the case of VLMLE, this program is

a proof of concept project that lays the groundwork for the use of more c•mplkatted

Wogan• such as PLL, as stand alone FORTRAN executables. The modified version of

• VLMLE is shown below. The modifications appear in bold type.

PROGRAM VLMLE
C,

• C 2-D Vor•/sour• lattice program with Lighthilrs leading-edge
C correction. Combines NACA-66(Mod) thickness form with NACA r0.8
C mmn line at giv• angle of att• (n• relative to the
C ideal angle of attack). The vortex latt• part of the computation
c is • to VLM2D.
C Written by: Justin E. Ketwin for 13.04 April 17, 1995,--

i • c
C Modified by David B. BeckeU 4/27/9S

C -ramoved ncreemOml•
C -added statemests to write mttimt data to • data file, output.dat
C

• PARAMETER( MSD=I00, MSD2=IVISD+2, MC•31•=4*(MSD-I), NCL=INCR--I )

P• PI=3.141S926S3S89793F..O0, HALF=O.SEO0, RAD•P//180.O )
P• ZERO=0.0E00, ONE=t.0E00, TWO=2.0E00, ESL=0.0, ESR=0.0 )
DIMENSION XV(MSD)•C(MSD),A(MSDJvISD)J)X(lVlSD)J•lvlSD), 6AMMA(MSD),
* WKAR•AO•).n•rVOTO.•).G0• ).OEXACT0•D).F0•D).
* Yr0•D2).trr0•>).O•J0aSD2).C• 2).CUBXC0./C•o'B)I C

C• • ial• dm file u nit 2
OPI•N(2,FILF•'iNPUT.DAT',STATUS-'UNKNOWN',FORM='FORMA'I'I•D')

C

c• v,.• ud e• p•im l•ui• md weiO, t f•• C
C---• mt the req• for de ram, her • prods • m•dat• read late•
c
c• •u'rr•...('. l•r ,m,.•er • p,• (Ma•:".14.")_ ".S)') MSD
C IUL•J•',') MC
C

• C-- A44 • READ am that reads the emmber of panels from the inpul.dat file

C
]ur.•e(•,-) MC
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CS

C-Cammemt SO tie tes lemp thAt checks the wa~dy of the nummber of panel duct

C We Is enmmid Inthe C cde
C
C J10MC.LTAOILMC.GTMISD) GO TO~

DELC-PIIFLAT(N4C
DO 100 N-1MC

XV(N)-HALJP(ONE-COS((N-HALF)*DELC))
XC(N)-HAL(ONE-COS(NODELC))
DX(NPPOSMT(XV(N)*(ONE-XV(N))YFLAT(MC)

100 COI1NTME

C-Camnpute influecec coefficient matrix A(NKM and invert -

TOP-OF(TWO*P1)
DO 110 N=I.MC

* DO 120M-1,MC
A(NAM-TOP/(XV(M)-XC(N))

120 CONTINUE
110 CONTIUE

CALL FACTOR(AIPIVOTWKAREAMCMSD.IERR)

* ~~C--Sohve for GAMMAA(X) FOR NACA A-.9 MEAN LINE_ ____
C
C--Comment out the request for the Ideal lift coefficient and anigle of attack and associated read
C stateiments and read the values from the lnput~dat file
C

* ~~~C MWRIE''AS)) 'ater Ideal lift coefficlent-..
C READ(*.*)CL

READ(2,*) CL
C WiRrT(,'(A$)j')'Enter Aipha-Mlpha~ideai) (deg)-.-..
C READ(') ALIPHA

READ(2,*) ALIPHA
CALL AEIGHThCXVXCB~FGEXACT)

* DO 13ON=1,MC
B(N)-CLB(N)-ALPHA*RAD
F(N)-CL*F(N)

130 CONTINUE
CALL SUBST(AB,GAMMA,1P1VOTMC,MSD)

* C-Sum circulation over chord and convert to vortex sheet strength-
SUTMG-ZERO
DO 140 N=1,MC

SUMG-SUMG+GAMMA(N)
G(N)-GAMMA(N)/DX(N)

140 CONTINUE
4 CLNUM-TWO*SUMG

C
C-- Comment out the statement that writes the computed total lift coefficient to the screen
C
C WRrTEWC' CmputeW total lift coefficient-"',M.)' CLNTJM
C

* C--open the outputdat file as unit 3, write the computed total lift coefficient and number of panels
C tothe file
C

136
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I. UJ-O~vTDrT~~umNw(.otmot~r~
W~ff(3,(IIU)') CLNUM
WU~fl43i;'(IS) MC

C-Velodty doe to .*n
C4
C-COM" eat the reqei for thcaucedraile and assocated read statemmn and read the
C vabe fro die hpat~dat fie
C
C WUIE(",#(AA))' IEater Mhenuc~drils..
C UREAD() TOC

UEAD(Z) IU

CALL NACA66(MTOCY.LEXCYr(2))
"Y(1)-mEO
DO 200 N-1,MC

lrr(N)-ZERO
DO 210 M-1,MC

Ur(N)-tUTr(+TOPOI(YT(M+1)-YT(M))(XC(N)-XV(M))
210 CONTINUE
200 CONTINUE

0 C-Interpolate thickness velocity to vortex points
CALL UGiLYDK(MCNCIdNCRXC.1TrESL,ESRCUBIC)
CALL EVALDK(MCMC.XC.XVUCUBJC)

C---Compute surfc velocities:First get value at leading edge-
* QU-ALPHA*RAD*SQRT(TWQ/RLE)

CPU(1)-QU**2-ONE
CPL(I)-CP(1)

C-Next get remaining values over the chord-
DO 300 N-'1,MC

FLH-SQRTQ"(yXV(N)+HALF*RLE))
QUJ-(ONE+UT(N)+HALF*G(N))*FLH
CPIJ(N+I)=QU**2.ONE
QL=(ONE+LTJ(N).HALF*G(N))*FLH
CPL4(N+1)=QL**2.ON'E

300 CONTINU

C---Oulpu the results in TECPLOT format-
0 ~OPEN(1,RE='VML.TEC,STATUS=-UNKNOWM,FORM=-FORMATTED')

WRIT(,'(AY)' ZONE'I
WRrTE(1'(2FI0.5)) ZEO~CPU(1)
WRJTE(1,(2FI0O5)) (XV(N),CPU(N+1),N=1MC)
WRrTE(I'(Ay))'ZONE'

WRrIE(,'(2710.y)j (XV(N),CpL(N+1),N=1,MC)
CLOSEQI)

C
C-wrke the pressure coefficient to the outputdat fle,
C

WRITE3,'(3710.S)') ZEROCPU(1),CPL(1) 1M
C WR1TK(,'(3 71.5)') QWQI)CPU(N+1),CPL(N+1),N- MC

C-dome the Inputdat and outpuLdat files
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*C
c

CLAMP)
CLOM3

C---wrIf a 41m11 11 le, v1111laYm, Wdcat that the FORTRAN meuaW ham cmpId the
C hpatluatut Im d Is rued to termhak enculi.m
C

OMfN(4J,-VUfDNZN',STATUS-m'NKNOWN',1ORM'FORMATTIWF)
CLOSZ(4) S

STOP

END

The original VLMLE program was designed for the traditional terminal interactive

input mode. The modified version substitutes file input for the terminal input. While the

original version writes the computed total lift coefficient to the screen and generates a data

file formatted for use with a graphics program, the modified version writes the output data

to a file formatted for use by the WindowsTh program. The modified version also retains

the code that produces the formatted graphics file.

The VLMLE.FOR program calls subroutines that solve a system of linear

equations, calculate the offsets of a NSRDC modified NACA 66 with a parabolic tail and

a leading edge radius, and evaluate the camber, slope, and vortex sheet strength of an

NACA a=O.8 mean line. These subroutines were not modified for the purpose of this

thesis and are therefore not included in this appendix.
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"APENDIX BA

VLMLE prqamw listingS.
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M4 VL ,M program lating.

SThe VLMLE Windowsm application includes ten files. Listinp for these fies are m

included with this docunmnt as Apr-ndix B.4 on a 3.5 inch, IBM PC formatted, double

sed, high density floppy disk. The files are saved in an ASCII text format which can be

read using a DOS text editor or any word processor capable of reading DOS text files.

The complete files of this and the other programs in this thesis are not included in the

written text of the thesis in the interest of limiting the size of the document. This page is

included with the listings in a file named README.TXT. p

The files included on the disk are described below.

VLMLE.C -contains the WinMain, MainWndProc, WMCommand-Handler,

and dialog box functions.

PAINTGRA.C -contains the paint.graphs function.

PAINTBOX.C -contains the paintdatabox function.

VLMLE.DEF -the module definition file. It

VLMLE.RC -contains definitions of the resources used in the VLMLE program.

HEADER.H -contains the #define and #include statements for the VLMLE

*l program. -

VLMLE.H -contains the definitions of the Windowsm identifiers.

README.TXT -contains a copy of this page.

The following files are not readable text files.

VLMELE.ICO -describes the icon used to represent the program in the

WindowsTm Program Manager.

VLMLE.PRJ -the project file read by the compiler.

NEWVLMLE.PIF -a program information file used by the WindowsTm environment

to control how the FORTRAN executable is run.

190

S...... Now ...



APPENDIX C

PLL Program Code.

0 191



IsI



Cl The PLL WinMain, FrameWmdProc, sod WMCommand Handler functions. !'

The PLL WinMain, FrameWndProc, and WMCommandHandler functions are

similar to the WinMain, MainWndProc, and WMCommandHandler functions in the

VLMLE WindowsTm application program. They are different, however, due to the

greater complexity of PLL and the application of the Multiple Document Interface. The

discussion of these functions will focus on the new concepts necessary to understand the

Windowsam PLL MDI application.

C.1.1 The PLL Winmain function.

The WinMain function is the main entry point for an for a MDI application, just as

it is for non-MDI applications. The functions of the WinMain function for PLL are to

register window classes for the frame window and the child windows, to create and

display the frame and child windows, to initialize a timer for the frame window, to

determine the size of the screen display area, and to initiate the main message loop. The * -

WinMain function for PLL is shown below with discussion interspersed through the code.

int PASCAL WinMain(HINSTANCE hlnstance, HINSTANCE hPlevlnstanc•ý
LPSTR IpCmdParam, int nCmdShow)

The WinMain function is declared in the same way as the functions described in Appendix

A and Appendix B. Additional character strings are declared here for the purpose of

supplying different names for the four different child windows.

char PrmgNamen - MT -Prpler Lifting Line Program;
char BladeVewwNamie = *Blade View';
char WakeVieweaiae - "Wake Viewer';
char OuVpuVieweNamefl = 'Outpu Viewer;
char FleViewerNameD = "Mlo viewer;

MDICREATESTRUCT mcs; i..
MSG Msg;

The MDICREATESTRUCT is declared as follows:
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/ S

int Xn

int Yn

im C3,

DWORD dyk S
LPARAM lpaam

MDICREATESrRUCr;

The MDICREATESTRUCT structure is used to provide information about the class, title,
owner, location, and size of a MDI child window.

Sblustance = hlnstance;

if QhPrevinuance)
{
WNDVCLASS wndcas; S

The next several fines of code initialize the WNDCLASS structure with information about

the frame window class and each of the child window classes, and register each of the

classes using the RegisterClass function. This is done in the same way as described in 5 0

Appendix A, except that the child windows are declared with the window class style

CSNOCLOSE. This prevents the child windows from being closed using the window

system menu.

//set up class information for the frme window class

Wndcls.lpszClassdame = ProgName,
wedclass.lpfhnW roc - (WNDPROC) FrameWndProq,
wndclass.cbClsExtm = 0;
wnddaucbWndEItr = 0;
wmdclass.hInstance = hinstance,
wadclmhlcon - Loadcon~hnsancPLLICONu);
wndclmhCursor = Lcad~arOR(JNIDC_ARROW);
wnadda.hbrlackgrund = (HBRUSH) (COLOkRWINDOW + 1);
wnddas&JpszMenuNAme - "MaNW eau;
wnddassc.yk - CSREDRAW I CSHREDRAW ICSwBLC..KS;

//r- frame class
RegisterClau(&wndclass);

/iet up class information for the blade window class

wnddass.lpszClasaName BladeViewerlamw,
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wnddwci~b~nExhkrUn M (HBRdUSCAH) CAO.ND OW )1)
wadclauublgu~ma~ - -LNULoo~L;mm LDEj

Begaddra.Um&wnclas.)-;BUS CO RWIDW )

wadc~ulamoClassName = WakeVieweNanae;

waddass~cbWndExtra sizeof(LOCAULHANLE);
wadlass.hleon Lodcu*bntneWAKE-ICON");
wadclawsIlCursor LaadC'urio ULIDCARROW);
wndc-kp~aqouazd (HBRUSH) (COLORL/INDOW + 1);
wndclas.lpszdenuName =NjUL;

lass ~style CSVREDRAW I CS HREDRAW ICSDPBLCLKSICSNOCLOSE;

I//egister MDI wake child clan
RcgisterClass(&wndclas);

llset up class information for the output window class

wndclassIpszClassName OutputVicweName;
wndclas.lpfnWndero- (WNDPR.OC MDIChildOutputW~ndProc;
wndclass.cbCLsExtra =0;
wndcl=s.cbWndExtra SiZeot(LOCAUHANDLE);
wndclass.hlcon -Loadlcon(hlnstance,"OUTUT-ICONW);
wndclass.hCursor =LoadCursor(NULLff)C ARROW);
wnd~lasLhbbr4akgound - (HRBRUSH) (COLORWINDOW + 1);
wndclass.lps&4enuName = NULL;
wndclas~sutyle =CSVREDRAW I CSHRMEDRAW ICSDPBLCLKSICSNOCLO)SE;.

-1ese MDI output window daan
RegistetClass(&wndclas);

fihetup, class information for the plot viewer class

wndcass.IpszCluName = PlotflicwerName;
wudcla.lpftWndProc - (WNDPROC) MDIChilPlotWndProc;
waddlauwcamExtra - 0;
w canb.WadExtra M Sizef(LO)CALHANDLE;
wadclass.hlcon -Lacnhnsn,"PLOID C~ON");
wndclas.h~aruoM Load~our*Ll.JDCARROW);
wnddas.hbrBackgronnd =(HBRUSH) (COLORWINDOW + 1);
wodddass.lpszMenuName -NULL;

wadclau.style -CS-VREDRAWICSHRERAW1CS_..BLCLKSICSNOCLOSE;
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S

egiar MDI p viewer window dum
R •luau&wdclm);

After the class ame registered, the frame window is created using the CreatesWidow

command. A timer is set such that a TIM]ER message is sent to the window

procedure for the frame window (FramieWndProc) every 500 milliseconds. This timer is

used to periodically check for the termination of PLL and PBD FORTRAN executables.

//CreII firam window

hFrameWnd - Cr. eWindow(ProgNamelroa
ws~vRAFEwNo•wlwsJcHLDE,
CWUSEDEFAULT, CWUSEDEFAULT,
CW USEDEFAULT, CWUSEDEFAULT,
NLL NULL, hImnace, NULL);

llcreate a tiner for determining how often to check for FORTRAN PLL rn completion will

SeTi'merW= Wnd, JD T2AME 0oNULL);

I/create the child windows D 0

if(hFrameWnd && hMlICfientWnd)
{

RECT currentrect; .7

HDC hDC,
TEXTMErIC tm;

A TEXTMETRIC structure, tm, is declared here for use in determining the size of the

screen display area in terms of the size of the text. A TEXTMETRIC structure is declared

as follows:

ty uin ct t•k rXcrEWC ( * tin,

hi taDesceat;
int tMsaM"tabdinca

in tmvaChawWiddh 5

it taWeglt;
BYTrE tmltal,
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BYTE UmUmdultd

BYTE ti.tLChe

DYTE toDa.okcw

Dy" to itDamkinay eBYTE 131iCbUn~e il
.n owrbanx

int taWgiirdAspectY;,

TETMdElRMC,

A TEXTWMTRC structure contains information about the size and appearance of a font. P

If the program is successiW to this point, the frame window is displayed and each of the

child windows is created and displayed. The child windows are not created using the

CreateWindow function, but rather are created by sending a WMMDICREATE message

along with a pointer to a properly initialized MDICREATESTRUCT structure to the

client window. The client window is the window area inside the frame window. It is

where the child windows are displayed, and it is controlled by the WindowsTM operating

environment.

All four child windows are created with the MDISALLCHILDSTYLES style

bits. The WS_VSCROLL style bit is specified for the Output Viewer window so that it is

created with a vertical scroll bar.

"SbowWindowObnm=Wnd, nCmdSbow);
Upd dW'mdhWr=eWnM);

nmismT'hle = BDladeV'mwi'NAmz
McuzClus = BIadeVieweName;
MuChOwner - gHIns=;
MuCx - CWUSEDEFAULT;
Mcy - CWUSEDEFAULT,
JI.cx = CWUSEDEFAULTI,
um.cy = CW USEDEFAULT,ms.tyle = lDIS_ALLXMLDSMYLES;

hBladeWnd = (HWNDO)Se iesgeMDCliWnd.WMMDICREATEO,
(L0ONG)0(MICREATE9MUCr)&mcs);
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ShowWW~do(hWiadcWod. SW Sl HRA)

mm~ucho - Wa wakeieum

NNX.X -CW-USEDEFAULT,
=MY - CWyUSEDEFAULT,
MCLCK - CW-UmEEAUL

UCCY - CW USEDEFAULT;
MCi iyi - bDIS-ALLIHRDSTYLES;

bWeWn~d - OIWND)Tade V mIIieWWnd~WMMDICREATE-.o,
(LO)NGX(MDICREATESTRUCT)&mcu);

ShoywWindow(hWakeWnd, SW-SHOWNORMAL);

inca zTide = PloViewerNainc
mmcuclaw - PleViewerName;
mcu~hOwner =ghlnstance
mcsLx - CW-USEDEFAULT;

mcs~y - CW-USEDEFAULT;
m~c.cx = CW USEDEFAULT;
MCiLCY - CW_-USEDEFaULT;
Mc. styl - MDIS-ALLOUILDSTYLES; 0

hPlotWad - (HWND)Swie I ('.IClMWn&WMMDICRE-ATE.O,

(LONG)(LPMDICREATESTRUCr)&mcs);

ShowWindow(bPMoWnd, SW SlO WNORMAL); *

mcs.srzitle = OutputViewerName;
MCLU~CIM w OutpuVicwerName;
aicibOwner - Shlnsance.

MCix = CW USEDEFAULT;
=MaY - CWýUSEDEFAULT,

kmwcx - CW-USEDEFAULT;
ucacy - CW USEDEFAULT;
mmacuaty = MDISALLCHILDSTYLESjWS..VSCROLL;

bOoqmwWod - (WND)SendMemgehMDIClieoWndWMMDICREATEO.
aLONG)(LFMDICREATESTUCT)&mcs);

SbowWindmw(bOutputWnd, SWSHWORA)
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The next six lines of code are used to determine how may fines of text fit into the

Output V•ewer child window. This is done in support of tbt. operation of the vertical

scrod bar associated with that window. The first line gets a handle to the device context

for the window. The next line fibs a TEXTWITRC struicture, with information regarding
I

the default font for the window. The height of an individual line of text is calculated by

adding the tmHaght and tmExternalLeadmg values from the stcture. The device

context is released using the ReleaseDC command. The GetClientRect function is then

used to fill the currentrect RECT structure with coordinates of the upper left and lower

right comers of the Output Viewer window client area. The last line calculates the

integral number of fines of text that can be displayed in the client area of the Output

Viewer window.

hDC - GeW• tputWnd);
Get~extMdrDC.&tm);.
LineHeight = tm.tmHeight + tm.td

RWn,&urnth~q)WndhDC);
GetCmieatlCt(hOulpuWVd,&oarUýrntre);
LineslnWindow-(intX(curent rectbontom-umrrnereatop)/Lineleight);

The main message loop for a MDI application is nearly identical to that of a non-MDI

application. The difference is the use of the TranslateMDlSysAccel function. The

TranslateMDISysAccel function translates child window accelerator keystrokes and

returns a non-zero value if the function is successfu. In this case, if the function is

unsuccessfud the message is translated and dispatched as usual by the TranslateMessage

and DispatchMessage commands.*4

while (OeM m sg, NULL, 0,0 ))

if(tTrmauleatMISyAccel(hMnlClietWnd, &msg))
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* 4

C.I2 The PILL FrameWmffrc fuctiom.

The PLL FrameWndProc is similar to the MainWndProc functions for the VLL

and VLMLE programs. It consists of a switch that processes fiur dMerent types D

messages and refers unprocessed messages to a default procedure, in this the Windows1m

default frame window procedure. The PLL FrameWndProc function is shown below. As

with the WiNlain function above, discussion is interspersed through the code of the D

FranmWndProc function.

LRMSULT CALLBACK export FrameWndProc(HWND W, UINT messa,
WPARAM wParam, LPARAM IParam) D 4

cas WMCREATE: 4

The first case is the WMCREATE case. A CLIENTCREATESTRUCT

structure contairws a handle to the menu of a MDI client window and an unsigned integer

identifier for the first child window. This case uses the GetMenu and GetSubMenu p

functions to initialize the h%ndowMenu parameter and assigns the value 1000 as the

identifier for the first child window. The GetMenu function receives a handle to a window

and returns a handle to the menu of the specified window. The GetSubMenu function 0 4

receives a handle to a menu with a pop up menu and an identifier for the pop up menu and

returns a handle to the specified pop up menu. This is done here so that the names of the

child windows will be added to the Window pull down menu on the main menu. D

CMIENTCREATESTRUCT as; I/stucture containing information
II about a Multiple Document
/ Interfcec dient window menu
//and the window's first child
//windmo I

/rmwiaz the structure
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Cccs, neMbild - 1000;

The WMcCliATE can then creathe dimn window using the CreateWimdow

fnmcton, displays the window using the ShowWindow functon, and returns zero to

indcate that the message was handled by the function.

I/crAea the MDI cient window and save a handle to the window

hMDIClieMWnd - CrateWindow(MDIQLENT,NUJ.,.
WSCHLDIWSCUPCHLDRENwsVISIBLE,
0, 0. 00, hWnd, 0,- (LPs'r)&ccs). .

lldispla the window

ShowWindow(hMDIClientWnd, SWSHOW);

return 0;

)

The WM COMMAND case uses the HANDLE WM COMMAND macro to refer menu O

selections or dialog box messages to the WMCommandHandler function.

cast W MMAND :

l/this case refs menu seletons to the WMConunand Handler function 1'
return HANDLEWM_COMMANDMhWnd wfaram, Ipram, WMCommandHandler); '

)L

cas WM flWER: S

idt j; /l~oop counter

FILE in; I/Pointer to a file Structure

The WM TIMER case is processed every 500 milliseconds in response to a message sent

by the timer associated with the frame window. The case first checks for the existence of

a file written by the PLL FORTRAN executable to indicate that the FORTRAN ;

executable was called and completed its calculations. If the file is found to exist, the case
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detes the fil and looks for, reads, and ddetes a series of film written by the FORTRAN

executabl.

/If+h %" alLdme" file exists, t*An the return value of accea i0 and the code in the braces is executed

llAcmc (al.dee, 0)--0) I

//deletb the aiLdn fe an read the files writte by the fitran executable

unlnk~al~dn");

//pletl and plot2.out contain the data to be lotted for mWonents I A 2,
II gla•erLco contains the codIcients used for blade unloading if the
/ loading is zero at the tip and hu, unloadcdat contaims the infomnadon
I# used for blade unloading if the blade loading is sno-mo at the hub
II or tip, ear.dM contains the data necessmy for maWtc ear, duct.cir
II contains a value for duct circulation that is used to update the
//value prnopoed by the program in the duct settings dialog box

IfN pletl.out exists, open it, read it, and then delete it and set the draw_plt_flag S

if(accmsplotl.outm. o)-o)

in = foiqnplotl.out", "r);

read-plotfie(in); D

fcMoe(in);

unlink(oplotl.out);
drawpojlg-1; *7•

//rpeL the process for plot2.out

if(ac(uplo2.ouV, o)==O)

in - fIpe(plt2.ou•t. "e);

read._atle(in);

fcoktu•e;in);
kuolinkCplr, o)
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I.O

The proarm looks for plotl out and plot2out, files containing data to be plotted on the

Plot Viewer scren for the first and sccond components respectively. After the plot files *
have been read the InvalidateRect finction is used to cause the Output and Plot Vewer:

windows to be drawn with the output from the current PLL run.

/Uue the utput mad plot viewer windows to be painted

li teRe(bOutlpWnd. NULL, TRUE);

InvalidaleRect(hbloWnd, NULL, TRUE);

If the absrules.out file exists, the case declares two 16-bit file handles and uses them to

append the ABS Rules calculation data in the absrule.out file to the stress calculation data

in the stress.out file. The two files are temporary data files written by the PLL FORTRAN

executable.

l/if abulewout exists, append the data to s.essout and delete the file

if~access('absnales.out', 0)0) {

char buffer, //pointer to a character buffer

int num bytes; //number of bytes read by -tread

UIL.E in, out; l/pointers to files

i4

//allocate mnemmoy for reading the files into

buffer = (char *) maloc((max buf sz)*sizeof (char));

Afta allocating memory to store the absrule.out file data, the jopen function is used to

open the stress.out and absrule.out files. The _lopen function receives the address of the

file to open and an access code and returns a file handle. In this case the stress.out file is

opened with READWRITE access since data will be written to the file. The absrules.out

file is opened with READ access. The _lseek function receives a file handle, a number of

bytes to move, and a position in the file from which to move. The function moves the file

pointer to the position specified, in this case the end of the stress.out file. The _tread

function is then used to read in the data from the absrules. out file. The _Iread function
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receives a handle to a file, a buffer for receiving the data, and the length of the buffer. The

function reads the file into the buffer and returns the total number of bytes that were read S

by the function. The -write function is then used to append the data in the buffer to the

stress.out file by writing it at the end of the Me. The _.write function receives a handle to

a file, a pointer to the data to be written, and the number of bytes to write. The iclose 5

function is then used to close both files.

W= -_lope•n'stessmout, READ_WRrIh);

_llak(out, OL, 2);

in - _lpeln("asrles.out', READ);

nutbytes= lrad(in, buffer, max bufsz);

lwrite(out, buffer, numbytes);

_Ico•0in,);

Jclos(out; * *

The program then reads and deletes a series of temporary data files written by the

FORTRAN executable. Some of the files are read by functions written specifically for this

application and the rest are read by opening the files with fopen function calls, reading the

formatted data with fscanf function calls, and closing the files with fclose function calls.

The glauert coe file contains inforn,ation about blades that are unloaded using alterations D

to the sine series coefficients that describe the circulation distribution. The unload.dat file

contains data for the other cases. The ear.dat file contains the expanded area ratio for

each component. The duct.cir file contains a value for duct circulation. The damp.val file 5

contains a damping value used during the iterative process of calculating duct circulation.

I/if glauertcoe exists, open it, read it, and then delete it

if(aessulauetcoer , o)-o) =

204

o€



in - lbpn(glauert~ooe, *r);

unlik(gbauercoe);

/fif unlomd~dat exists, open it, real it, and then delete it

ilfaccess"unloedtdat". 0)-CO) (
in - fonenunload~dar,"e),U~

read unload dat file(in);

fclose(in);

udnUnladt);9

//f ear.dat exists, open it, read it, and then delete it

if(accesCear.dato, 0)-=O) I

in = fopen(ear.dat", "e),

Imoop throgh the components and read the ear data

for(jinj<LDEVj++)

ficanf(in,"*/J ",&EARUIj);

felose(in);

unlink(*ear.dat*);

/rif dutcir exists, open it, read it, and then delete it

if(accessc'doct~cir, 0)-C0)
in - fbpenCductcie,"r*J);

kcanl~ig'%,&esdmated dut 4circulation)

fcose(in);

unlink(mductrne);
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/Mdmp.val exists, open it, read it, and thea delete it

d(acce"damp.dVu. 0)--0) 4

in - fope'd=p*.va', "r);

bcWAnin",r,%r ad pin),;

close(in);

unlin('dmp.va•");

If the optim.dat exdsts, the program opens the file and reads the data character by

character into a local character array using the getc function. The data is then presented

to the user in a message box. The getc function receives a pointer to a file structure and

returns the next character from the stream converted into an integer value.

Ilcheck for the cptim.dat file, which contains the optimization results for * O
// the optimize rZpm or diameter case, print the results in a message box
# and delte the fe

if(accesswoptim.dato) 0) 4

char stming240Ol"; //string for storing opt result i

imt nexochar=O, /rmtger for reading data
#/character by character

//character counter

I/open the optumndat file

in = fopentopim.dat, "Or);

//read the string character by character until reaching end ofile

nextbar - gec(in); 1

while(aextcharf-0Y)(

i++; i
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Buticher - geIC(in);)

/Ipti ma lenita at ftend of the stringI

I/dam and delet the updm hat file

Mlaue,01);

//print the results ifcNHO~MTO a MB...OKIu

MBTASKODAL; Miesa~geflox(kWnd, Win&ig OVIMIZA77ON RESULT,b

4

The case then checks for the existence of a file wuitten by the PBD FORTRAN executable

to indicate that a PBD run is complete. If the file is found to exist, the case deletes the

4 file, sets aflag that indicates that PBD has been run, and if there is noPLL output, adjusts

flags that control the data drawn on the Output and Plot Viewers so that the PBD data is

displayed. The case then returns a zero value to indicate that the message was handled.

* Arif the Oybd~doe file exists, delete it and check if there is pil data to
IpK if du sntthen se he pkotjogto 4 so the pbd pkts will

# be dispayed on the plot vier and set the outputflag to pbdktq so the
fl pbdoutktq file will be displayed on the output vieswe

ifA&=e.(pbd.dne, 0) -0o)(

lldelee the pb~dade Wie adjust the draw plot and output flagp and set the
//pbd fta

unlink(pbdnze");

* it~ldmw~plotfaW pkotpSe-4;

if(accesssunmninary.out, 0) 1- 0) output flag =pb~dktq

Iladetthepbdflg to indicatethuitpbd has been run

pbd fig 1;
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The WM DESTROY case handles requests made to evat the program by methods other

than the Filet~idt selection on the main menu. It responds by sending a fDM EXrT

command to the WMCommandHandler finction and returnin zero to indicate that the

message was handled.

cue WM DESTROY:(

/Abhu coe handles rapaeft to exit the program made by methds other than
N the mein-

Sedbnd~esge(hWad,WM-COMMAANDIDMEXIT.MAKELONG(OO));

return 0;,

I/refer maeages amt handle by this frame procedure to the Windws defaut
II frame -ad

0 ~~~~retun Def~rameProc (hWad, hMDIClienWnd, messge w~aram, IUar);

C1.3 Ihe PILL WM[Command Handler function.

The WMCommandHandler fuinction for PLL is vely similar to the VLMLE and

VILL WMCommandH~andler funictions. It is shown below in a series of segments, with a

nwarrte discusson of the code interpersed throughout the segnmets.

The funictilon consists nmainy of a switch that handles requests made by the user

with the main mern.

voi WMCemuanjandlemr(HWND M4Wnd Kti HWND hwniCd. UINT codeNotify)
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smilh NQ
*c IMbIRUN POD: I

The 1]DMRUN PBD cane uses the OPEN common dialog box. First, a senes of0

characte trings used to initalize the dialog box and return information such as the title of

6 the file selected by the user and the complete path of the file are initialized. A destination

Wie PBDADMIN.NAMK is declared. The file returned by the dialog box is copied into

ths file. The PBD FORTRAN executable is coded to use this file title as fth main

4 adminitrativ file.

//thi cuse hand"esm a en-u requests to run M1T-FB

OPENFJLEAME ofn f/openfllenamne structure used with
II Get~pea~leNama ict

char szFieI236I--, I/namme and location Of the file
fl/toope=

szFile~tWe256l, I/Mame of file to open
szfilftero- I/filter for Ums box
ThD FIles (*.PSD)W*.PBDWOM,

szDstfl = "PBDADMIN.NAW; I/file to opy selected file into

The case also declares, two OFSTRUCT structures. An OFSTRUCT is used to return

informiation regarding a file that has been opened by a call to the LZOpenFile function. In

this instance a source and a destination structure are declared.

OFSTRUCr or3trSrc, //source and destination
open fibe

ofiftrD9e Ustructures

HFHE b~frcike //source and destination file

hflsrder,

The DMMRUN PBD case then deletes the previously existing CURRPBD.PBD

and FBDADMIN.NAM fiEso. The CURRPBD.PBD file is written by PUL using the

currnot settings in the PED Settings and PBD Skew/Rake Settjpgs, and the current PLL

6 project and is made available to the user in the SELECT PED ADMIN FILE dialog box.

If a B-upline input fie exdss for the component indicated by the pbdcomponent variable
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and a velocity file has boe written tor the current project, the wttepbadonfile

function is called. This function writes the CURRPBD.PBD file. D

I/dMm prs exm " a vpblpbd, the pd adnm le 1tma by LL, and
II pbd imnmi m the fil thau the selected admin ftle is copied into for
IfumbyPlD

wnlnkCURRPBDMD*.FS)
"•haik(7BDADMIN.NAMP);

Irif a pijed is cmuteay apen and blade and velocity files are avaiid
fl wrTea pdamnfl(crpbd~pbd)

ojectama&&(&c mc( npbdl.bse, 0) - o)&&(pbdcomponm --O)&A
(aceu(cunpbd.vd, 0) - 0)) writebWOadminl ;

i _•ppjectjlag&&(accmm(crpbd2.bsn., 0) - 0)A&&.pbd_moinpent-1)A&
(ammu(cmunp veJ, 0) -= 0)) write•pbdadmi.fl•eO;

The case then initializes the OPENFILENAME structure, ofn. The initialized

variables include the size of the OPENFILENAME structure in bytes, the handle of the

window that owns the dialog box, the address of the filter used for selecting files to • *
display in the list box, the address of strings for receiving the file title and path and the size

of those strings, the title of the dialog box, and flags that govern the operation of the

dialog box. The OFNFILEMUSTEXIST flag causes the dialog box to require that the

selected file must exist. The OFNHIDEREADONLY flag hides the read only check box.

/lnitialize the OPENFLENAME paranmetes

meae*&c,, u0.izmgOPENFLENAME)); 0

ofiStnictSize - hizecROPENFILENAME);
hwadOwer hWnd;

ofLnpndwf - szFilter,
Own.lpl•rde = -urFle;

cftnMakxFire = szairzF•r e); 6
6 .ilierdieflle m szFdeTile;
aoLlpst'll ="SELECT PED ADMIN FILE;
onLMaxFileTitle = sizer(uzFiieTitie);
odFllgs - OFN FUIEMUST IS1OFNHIDREADONLY;

The GetOpen~eNamne function is then used to call the dialog box. If the dialog box 6

tennnates successfuly the LZOpenFile finction is used to open the file returned by the
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dialog box The LZOpwF'l function receives the address of the filename of the file to be

opened, a pointer to a OFSTRUCT, and an unsigned integer which indicates the required

action. The function opes for reading or creates and opens the file as indicated, fils the

OFSTRUCT, and returns a handle to the file. The OFSTRUCT stnrcture contains

infonuaiondicuding the length of the file in bytes and the path of the file.I
I/f the dialog is uned mcndsfuly t choosA a fWle, eecuti the coe in the brac.

if (GeOpeFideNam &)) (

//Ao the M s Me

hfS.il L= pei(ofi&IpstrFileTtle, ftratSrc, OF-READ);

/Iceate the destination file

DlFile - LZOpaFile(szDst. &oiStrDest. OFCRATE);

After the source and destination files are open, the LZCopy function is used to copy the

file returned by the dialog box to PDDADMIN.NAM and the LZClose function is used to

close both files. The LZCopy function receives handles to the source and destination files

and returns the size of the destination file in bytes. The LZClose function receives the

handle of the file to be closed and does not return a value.

Ilopy the suowe file to the destination fikl

LZCopy(hf~rdile, hflsFide);

Ildoe the hio

LzoehIaFle).,
Izhoflestflrde);

The IDMRUNPBD case then deletes previously existing PBD output files using

the delete files fanction and calls the PBD FORTRAN executable using the WinExec

fanction. The PBD program information file, pbd.pif causes the pbdfort.exe program to

be run in a window and the SWSHOW.INH.MED flag causes the window to be

created and displayed in an iconified state. The case does not wait for the termination of

211

.. 9.. . ..



0

the FORTRAN mocutble but rather uses the break statement to terminate the case

allowing the user to continue to use the application while the FORTRAN executable runs

in the background. The user may also elect to maximize the window in which the

FORTRAN aecutable as runnng and observe the scree output provided. The screen

output from the original version is left largely intact and will look very familiar to p

expriecedPLL users.

//dehlt iwp in pbd putpW fMa
p

1/ru the phdbtzext fotnan pmgram i an iconified wuindow

WinExec('pbpir,SWSHOWM1NhtIZED);

}

break-
* 0

The IDM_MIT7LLHELP case starts the WindowsA MIT-PLL Help program.

The program is started using the WmnExec function, and displayed in its default window I0

size using the SWSHOW window state. If the WinExec function is unsuccessful, it

returns a value less than 32. The case checks the return value of the WinExec function

and if the value is less than 32, changes to the \help subdirectory and attempts again to run

the MJT-PLL Help program. If the WimExec function is again unsuccessful, an error

message is printed. In either case the directory is changed back to the original directory

using the chdir function. The chdir funcion changes the current working directory to the

specifed path and returns negative one if unsuccessfil and 0 if successfld.

I/bis cm ndles wainm im reqmpe for the help program

IN ath WimnE~c funcdon is uamccwWbl dmng to the \h*~ directomy and
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v (wz iw w. m',SWSHOW)-32X

/MVhEm k ison ummce~d priM am er normip and chm b

H to doe oinalS iucaoy

if WlaHmE('~pLheu.'SWSHWW$32)

_uuagox(hWad, 'An earo oau,.d whm siaafti
the MlT-FLL Heap Propa.M~tRRQ*l MBkICONMTO I NMD0Kl I MDT:ASKMOOAL);

The 1DMOPENPROJECT allows the user to select and open a pre-existing PLL

project file using the OPEN commron dialog box. As in the 1DMRUN)PBD case,

chaacter strings and an OPENFIENAME structure are declared for use with the OPEN

common dialog box. Additionally, a character string, buffer, a loop counter, K~ and a

pointer to a file structure *in, are declared.

cam EDOPENFPARO~C-(

O~FWICME Ok /Iopeafilerm abxUctr wed wihh
#Geopmrdeaime hall=o

char uFD42561-W. I/imme and lcatism ofbs file

hdbiiul- 'P3 RICOs (*.PMJWPOtW. //flter for lisd box

F" *in; I/pointe to a file strwuctr

IAmllialium the CWNF1LENA1~Epomnsrs

0 00



iNO (&ab, 0, XWONF ENAME));
,,.ids"Scms - AROPENF1."AE).

oLpwnd~lm - bWnihs
oe.JpaPUei- .FVds;•

Ot.aIaxfile - alliuzFirg );
of.,AdIiFi•s•ld - simlsId'iekr

•Lqp.. OFNYtUfMlUSTIOFNKW IDEREADONLY;

IM ft diala is ued mACCuON0fuly to chom a fil, voce the code ia the braces

if (GCCOena~rName(&in)) 4

After the OPENFnLENAME structure is initialized, the GetOpenF'deName function is

to call the Open dialog box. If the function does not return successfully, the bulk of

code is skipped and the case is terminated. If the function does return successfully the

initialize function is called and the projectfiag variable is set to indicate that a project is

open. The initialize function is used to reinitialize global variables that are initialized when

the MIT-PLL program is started. D •

//run the initialize functio to initialize the global variables

inxftlizO;

//set the project-flag to indicate that a project is now open

Project-flag - 1;

The case then opens the file returned in the OPENFILENAME structure, writes the

filename to the PROJECTFILE character string variable, reads the project file by calling

the read..project_file function and closes the project file.

lopen the roject file returned in the OPENFIUENAME mwmnctur

in,- f= a(onipstrrFileitr'); D

//write the file nume into the PROJECIFIE variable

.,i(ROJEC1n.L "Asofn.lpstrFde''ide);

MIuhad the pject e, and lome the file
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The IDI4OPENPROJECT case then opens the input file specifie in the project

Mle. Ifthe input file does not exist or for some other reason can not be opened, a warning

is printed, the project-fla variable is cleared, and the case is terminated. Otherwise, the
• e•m rnd y • • nJ_• m ctio and dosd usin the•

input fikeis read by calling the reaojnputfl ducinadcoe sn h cone

function.

/opes ad fead the qna fiW pint an eme mcmse if uzwl

if ((in - fe(IN UZOyL e r'))- NULL) (

MekmgeackWMBCONEXCLAMATION);

Miessageflox(hMn, OUnable to open input file..
"EMOR*t, UMBICONSTOP I MbUOK I BTASKMODAL);

Ilei, th proj flag to indae tha a project is not open

projec-t fg - 0; I
bmak;

readinputflein);

//Icom the input file

The case now uses a for statement to loop through the components, where LDEV is an

integer variable equal to one for the single component case and two for the multiple

component case, and read the blade and wake input files specified in the input file. If for

some reason any of the input files can not be opened, a warning is displayed in a message

box, the project flag is cleared, and the case is terminated. The read-blade-file and

read wake Mle functions are used to read the blade and wake input files. The minimum

chord/diameter values fbr each component ame set equal to the root chord/diameter values

supplied in the blade fies at the end of the loop.
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/Ao thOug theA ="Osoft ad mmdrad theblMade and walce files9

if ((in - iipem(BDDqNP2lILor-)'.. NULL) I

I/4oat u mwo mosooe if unable so open the bilec file

MCMIMBORHW,-XcLA MATX)N);

* i a~bullirUnable ID open blade file O%d.0,M+l);

Me61, lm h-d buffer,
-UUROXUt. XMDJCONSTO I MB.OK I Mb..TASKbMOAL);

/dewi the projeofiag to indiate that a project is not open

project flag - 0;

break*

fJOClORe); *
if((fin - fopen(WKIN[M*21J, "ra))in NUJLL)4

//print an eror message if unable to open the wake file

Mess-agefleep(&MBICONEXCLAMATION);

spnnilufenablc to open wake file #%d.-,M+ 1);

MoageooxkhWnd. buffer,
ERORO', MB ICONMTW MEBOK U B-TASKMODAL);

//deaw the projectflag to indicate that a projct is nopt open

pro~jeoktfiag

bled ake lem )

HUDOID MI - XCIIDIONMI;
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If the project has more than one component, the contraction ratio of the wake is 0
set bad on the samne logic as is used in the original PLL version. This is done for the

purpose of initlizing the maual contraction ratio in the Default Settings dialog box with

an appropriate value.

I/f tber is mo than -W CaOpuuooM I the oatracion ratio

aDEV>W{)

CONRAT - I.A

dse{
if(I~~u(RFPMJ2J$0.0l)(

if(XDLOClOI>XDLOCJl1)

CONRAT - 1.0;

CONRAT 0.83; . 0

else

CONRAT - 0.83;

Since a new project is now open, the pbd.fiag variable is deared to indicate that

the current PLL project has not yet been run in PBD. The position of the vertical scroll

bar is reset to the top by setting the ScrollPos integer value to zero and calling the

SetScrollPos function. The SetScrollPos function receives the handle of the window with

the scroll bar that is to be positioned, a flag that indicates in this case that the vertical

scroll bar is the bar that is to be operated on, the position of the scrod box inside the scroll

range, and a logical flag that indicates in this case that the scrod bar is to be repainted.

The function causes the scroll box, also known as the thumb, to be moved to the indicated

position and causes the scroll bar to be repainted.
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//iclar the p- flag mance the currently open project has not been uno in PBD

phd flag - 0;

/kret the vertical scroU bar psition

Scroll.Yos - 0,
SWad. SB_VERT. ScroILPos, TRUE);

As a final action, the case uses the InvalidateRect function to cause the four child

windows to be repainted. This causes the new blade and wake data to be displayed and

causes the Output and Plot Viewer windows to be cleared. The case is then terminated. 0

//cause the screens to be repainted

!ealidatRect•BaddeWnd, NULL, TRUE); I
InvalidateRect(hWakeWnd. NULL, TRUE);

WvalidateRecthOutputWnd. NULL, TRUE);
InvaIta•Rcft~lotWnd, NULL, TRUE);

break;

The IDMEDITBLADEWAKE case is identical in function to the 0

IDM_MITPLLHELP case. In this case the MIT-PLL Editor program is started in

response to the EditlBlade/Wake selection ots the main menu.

case IDMEDITBLADEWAKE: (

//this case handles main menu request for the edit program

Ifrf the WinExec function is unsuccessAil, change to the Wcdit directory and try again

if(WinExec(plledit.exe¶,SW_SHOW)<32){

chdia tw);

/If WinExec is again unsuccessful, print an error message and change back
//to the "ign directory

if (WinExec(plledit.exe0,SWSHOW)<32) (

Mesqageep(M .jC)ONEX• .AMATION);
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M ssugfflox(bWnd, An error occured wben %
smmt the Mf-nP-L Editor Propm.',

"ERRORI°, MB_ICONSTOP I MBOK I MB TASKMODAL);

The IDMEDITPROJECT checks the project flag and prints a warning message if

the user selects EditiProject Settings from the main menu with no open project. If a

project is open, the case tests LDEV and calls the appropriate dialog box based on the

number of components in the project.

case IDM EDITPROJECT:

DLGPROC DlgProc, llpointer to a dialog

I/Nf no project is open, print a warning message and terminate the case

iflprojecflg)a•(

Mcas'4p~ (M .ICONEXCLAMATION);

MessaygeBox(hWnd, 'A project must be open in order to be edited.",
"WARNING!, MBICONSTOP I MBOK I MBTASKMODAL);

).i

//call the appropriate Project dialog box, depending on the number of components

iU"[EV <)1

DlgProc - (DLGPROC)MakePclnstanmc((FARPROC)ProjecIDIgProc, ghlnsance);

DialogBox(ghlnstancý "PROJECTI, hWnd, DIgProc);
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DigMo - (DLA3POC)Mak recdagaa((FARMROC)Projct2DlgProc ghbntanm);

WOubct POJECTJ?, hMd, DlgPm);

FRefmuchat~aeneffARPROQ13)Dtw~o);

The 1DM'_TILE, 1DMCASCADE, and 1IDMARRANGE came respond to the

I Window~rrd, Windoiv4CaSCadek and Windov4Arrange Icons selections on the main menu.

They use the SendMessage function to send the appropriate message to the MDI Client

Window to cams the child windows to be tilt I r cascaded, or the iconified windows to

* be arranged.

cmselDM TILE:

I h/end a esgethe the MDI clien window to tile the child windows E

S~nd1Cs2S0hMIClientWnd, WMý_MDMTLE, 0, OL);

break-

case 1DM CASCADE:{

f/send a messae the the MDI client window to csaethe child windows

I .~esp~MIClientWnd, WM-MIACM 0, OL);

Icaue DMM ARRANGE:(

I/send a memge the the MDI client window to arrnge the child windowics

qend~euage(hMDlClieatWnd, WM MDCNRAG,0, OL);

4 break
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The IDM RUN cae responds to main mewu FeiRun requests. Thei

OPENFRNAME character, WH E and OFSTRUCT declarations are made to support

the use of the OPEN common dialog box in selecting a non-axisymmetric stator ile if

necessary. The DLGPROC variable is used for calling dialog boxes necessary for

executing a variety of runtime options, in addition to calling the Runtime Settings dialog
box. A pointer to a Mile structure is also declared, as well as a number of loop counters

and a dummy variable for testing the value of the circulation distribution sine series

coefficients.

can IDM RUN: {

/lthis case handles to run Mrr-PLL

DLGPROC DIgProc; //pointer to a dialogProcedure

OPENFIUENAME of; //openfilename structure used with g
SGetOpenFileName finction

char szFilek[23610-, I/name and location of the file
[ /to open

szFileTitle(2S6J, //name of file to open
szFil•erJ]- STA Files (*.STA)10*.STAV)", A/filter for list box
szDstD = *STATOR.DATr; I/file to copy selected file into

OFSTRUCT oStrSrc, llsource and destination
open file

olStrDest* / structures

h FILE hfSrcFilc, "i/source and destination file

imt kMKi, I/loop counters
cirqchc-O; //dummy integer for checking for

II non-zero circ distribution
FILE *out; //pointer to a file structure

The case first tests the project flag. If no project is open a warning message is displayed
- and the case is terminated. If a project is open, the Runtime Settings dialog box is then

called and the user is allowed to select from a variety of run time options. r
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44

1euOqE1ohWnd, *A prject mst l be open in order to be rnm.8,
"WARNINGr, MD icOCSTOP I bMDOK I MUBTASODAL);

bremak

DigProc - (DLGPMOC ocl~d~dance((FARPROC)RunnrneDlgProc ghlnstance);
g ackRuMEU, hWMd, DgProc);

FroProclnatance((FARPROC)DIgProc);

When the Runtime Settings dialog box terminates, the case tests the run-ok flag and

terminates the case if the user selected the CANCEL button. If the OK button was

selected, the deletefiles and unlink functions are used to delete pre-existing temporary

data files.

INf the cancel button is selected on the runtine dialog box, terminate the case

f(nmoklag) break- *
/delete pe-xsting tempoeray data files

deltejilsplifils);

unliWncurrpbdce);
unlink(wcurrpxLdis*).
u~k¢'op•i.dat');

The case then sets variables that control the way data is displayed in the Wake,

Output, and Plot Viewer windows. The ScrollPos variable was discussed previously.

The componentflag variable determines which wake file is diplayed in the Wake Viewer

window. The draw plot flag variable determines whether or not plots will be drawn in

the Plot Viewer window. The outputflag variable determines which output page is

displayed in the Output Viewer window. The plotpage flag variable determines which

page will be plotted in the Plot Viewer window, and the plot component flag variable

determines whether component one or two or both will be displayed.

llr/-imnialize the flap tha control output and plt viewr plotting

222

* 0 S; ;0



#I mada m and - fte om and 0 view. to be raftn

The mcoll bar position is then reset and the Output Viewer and Plot Viewer windows are

cleared since the data displayed there is no longer applicable.

0 Suc• oWnd. SBVERT, ScroL Poe, TRUE);

Jaid'aRntOuuWnd, NULL, TRUE);
InnxkldaectO(Wnd, NULL, TRUE);

* The IDMRUN case now tests the circulationoptimnization flag variable to

determine if the user has chosen to optimize circulation. If not, the case uses a for loop to

check the absolute values of the circulation distribution from the blade file(s) to ensure

4 that a non-zero distribution has been supplied by the user. If the user supplied a zero

circulation distribution then the circulation.optimnizationjflag is set by the program and a

warning message is displayed.

S/If the circulation optimization flag is not mt ensue that a non-zem -,
II circltion dismbution ha been input for both componeuns, oterw
II set the flag and print a warning

if(lcircationuoptimizationfg) {

I/oop throuh the compones

••."-tM<DEV;M++)

//oop thmou th radi for each cmponamt

fom,;k40MRNM;k++)

/rmicromn the ci mcheck vari
iqb(XGlk][M•d)

circLceck++,;
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Mmpf•e•q&MB XcaAMATtON, D

M gelo(hWad, DBad deirtioni inpt sum be sn-zeo\
or Circala. Optimization mit be alected. Circulation Optimization ow\

"WARNIMN*, MBJ_[NF" I bMBOK I MbTASKMODAL); •

}
}

The cae proceeds to check a variety of run time options and perform the •

necessary actions. The first is the option to use the current blade data as input data. If

this option is selected, the program tests to see if the project is a ringed propeller. If it is,

a warning message is printed since this option is not currently available for ringed 0

propeler's.

IN the rodt blade data option is selected and the propulsor is ringed, print a warning
ilUsecurblade){i

if(rinVg•prop l-jJ-'Y')

Mesargeep(MBICONEXCLAMATION);

MusageBox(Wd, wT reset blade data option is not available for\
rind propulsors. Continuing with normal rua.",

"WARNINGrO, MB.ICONSTOP I MBOK I MB TASKMODAL);

}

The case then calls the write-misctfiles function. This function writes a number of short

data files based on the current project settings. The files are used to provide input to the

PLL FORTRAN executable. i

/wri the mic output Illes that provide input to the fra executle
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If th nusr bsm eected to evaluate a non-axisymmtric; stator, the STATOILDAT file is+

* dilatedW if it exists and the Select Stato File dialog box is ca~d to allow the user to select

a mawao fie

/Affthe-maF ,~ amdy~I - i~a ý wadecwm is audk anthe nomd=
# idog oxallw thue a o9ma dmafMe

/Addi thpe -dfidag dif fibe

inUMlik ATOt.DAT");

/Anitaliue the OPaEt(&F laAME pnmel ENME

OfaLISauctiniz = sizeoiOlENFILENAWE;
c~mhWsadowner = Mud;
CflLIPSIil~er = szrilter.
cAwpotffle = sz~Irde
ofnnMaxfrde = uizeaiszFile);
cfid~poti~llTite = erfileTitle;
ohflpuU'fde - *SELECT STATOR FILF*;
ofinkfnFMaieide - sizet~uFileTitle);
ofiLFip - OFN FILEMUSTXIMSTKOFNJWIEREADONLY;

If the GetOpen]FileNamne function, returns successfully, the stator file selected by the user is

copied into the STATOILDAT file. The eval-nonaxi-stator variable is then cleared and

the no, tuntime options flag is set so that there is no run time option selected the next

time the Runtimne Settings dialog box is called.

IN the dialo is wed mmccesWily to choose a Wle execute the code in the brace

if (Get)Peafrlldae&A&))f

//cpm the gonftl

* ~~hffrdril - LZ~pe.r~FiecfLlpwdrie7ide, &ct~rSm~ 0FýREAD);

icrmm the dedintim fibe

hflutIre - LZDpemFil(szIKt &aMclar.s OFCREATE)

//coW tde mswes fie to the destitedia Mie

L epy~hfSadd@ hWAMYe)w
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unload-~flag +aibei eteula~e iei pndadwitnfrueb h

LpclsulscFrls

# unla tuosr the bub ande ti-mm vmf dcdd

oue-fvaeneomud..2w

Ifthe curextrntimpeopeto hasaindled isteUlacomponent, a s) opection. If therisn

imlade flag varnbed st the uopne odnetfl is openin ed and whertteno feor gausetb the

FOAURTA executaboxale.dA swTchi hanleos the twucsersoiwh sing e andmulipes componcents

/that denload flag cis ii cairclatioe aprpiatedkiaogo and wto a flet iheter them ilaordtrcoefficienth

W/nlades &aTi.ohe dat inpt db thusrip thenpc exponen ts and c oefficents Me.

#I/ope th e unlap stins wiefmlag incl h het ilgbxadwit wvla ici

outim_6-1 A& fopend~prloadrp. w')

suitch(L226
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((iinpm~d tt-'' l ( (mmm c-"' && +
((DDIAM-XDIAMI0D >- 0.000002 ) ))) {

Dlgte - (DLG•iOWC •A rlaa((FARPDOC)GludDgPrme smlnance);
D •~me c QAUeRT1v, Mind. DlgProc);
Fu,'cbaiam((ARFOvLtC)DnPmc);

//writs tie flie
I

*Wtf(ou"WG•CU NLOADPFRAql0lilD;
I

}

If the above condition was not met, the Steep 1 dialog box is called to allow the user to

select steepness exponents with which to unload the hub and/or tip. The hub and tip

unload percentages are then calculated using the same scheme as the original PLL version

and the CoefficientI dialog box is called in order to alow the user to select unload

coefficients. The unload.set file is written with the user supplied exponents and

coefficients.

I/'f the comndion aove is not nic, then call the Steep I dialog box and then the Coefficient I dialog box
Iand then wite the file

else

DngPmc - (DLCU ROC)akePiroclamne((0FARPROC)SteeplDProc gjnutan);
Di. " "TEIEEPl, hWnd, DIgProc);
FWAA-Iaac(FARPROC)Dlglroc);

I/claolft, the bob sod tip Wioud peivtages

Q - ( IobLdu il - RZ(OO Y( 1.0 - RZ( 0Y);

MQSQ - 1.0- Q*Q,
GNH"10J - 100.0*uit(OMQSQ)*pow(OMQSQ.(2*NHClOl-2));'

P- 1.Q-Q0 ,
OMPSQ- 1.0 -P,•P
GNHC jO= 100.0*sqrt(OMPSOQ)*pow(P.(2*NHClO -2));
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Q ti- ( iV43 1 - 5Z01 X~ 1.0- PZ(Ol)X

((imp_&Et-'Y)&A((DDIAM -XDLAM(01$ 0.000002 )))(

OMPSQ -1.0 -PP;
GNTCIOJ 10- l0.0'qwtOMPSQ)*pow(OMPSQ(2QJTC 101-2));

OQdQQ -1.0 -Q*Q
GNTq(OI 100.0%sqi(OMQSQJ"'powQ,(2*NrCfOj-2));

//call the COEFCI'cENTI dialo box

DgProc - (GPROC)akedrochutancs(FARPROC)CokeffIictDlgProc

'Jr ~ . OEFICIEflhWnd, DlgProc);
Fclau an*e(FARPROC)DlgProc);

I/wri* the file

ha*'coefficieat[Oj tip-govepnessOl. tip-coeffcientI 01;

break

The multiple component case is analogous to the single component case. For

loops are used for the calculations and writing the unload.set file.

cae 2:4

//if ther is no image hub and the components are not ringed and dher is no image duct, or ther is an

#I &Mc and the pp are wide enugh, then call the Glaneat 2 dialog box and write the unload fractions

iifugehdIob-Y&&(ngdipdrpeialerjjt'-' &&

(((DDIAM-XD1AM(0J>-0.000002)&&
((DDL4M.XDLAM11Dlin.000002)))))4

D~gwrc - XDWIWO '- I - '(FARPROC)GlAuer2Dlgproc, gblnsoanc);
3 F L'GLAUERT?2, hMd, DigProc);

FrearcIaace(ffARPROC)DlgProc);

//Write the fibe
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qdmWmi,9uAnmGC..UNLOAP-ACUjJIiD;

IAthe coAdidon *on Iisa met, diem call the SUMe 2 dialo box and then the CbeffciWn 2 diaog box
# and tdm wult the Mie

ebe

DigPvoc - (DLGPRC) ~wL - (uk(FARPROC)Steep2DlgProc, ghlnstanc);
Dialogsoxigsisanc "STEEP2", hWnd, DigProc);

Freewoludanc((FAIIPROC)DlgPiroc);

//calculate the hub and tip unload percentage

Q -(hounbrduslil - RZ(.J )/( 1.0 - RZ7ui)

OMQSQ- 1.0 -Qsq
GNHC~iJ - lO.0*sqrn(OMQSQ)*pow(OMQSQ,(2*NHC~ii-2));

P 1.0 -
OMPSQ 1.0O.P*P;
GNHC iII 100.0*sqrt(OMPSQy*pow(P.(2*NHC~iI.2));

Q =(tip raduslil - RZ(i] )/( 1.0 - RZ~iI)

if(Wavgd-propelml-erfi-Y'

((DDIAM - XDIAM~iI)< 0.00002))4

P- 1.0O4z,

OMQSQ 1.0O-QM

0MS 1. 0 *Q



p. Q,(2*NrCiI-2))

COFKET0 Mah~d, DisProc);
F femnc (FARPROC)D ft=~o).

After the single and multiple componen cases are handled, the case clears the unload-flag,

sets the no-runtime options flag, and closes the unload-set file.

//reMe the run time options and close the unload aetin file

unload fla - 0;
aonauntimeoptiom - 1;

fcloweout);

The option to match an expanded area ratio is the next option handled by the

1IDMRUN case. If the matchEAR flag is set, the single or multiple component EAR

dialog box is called as appropriate. The ear, set file is then written and the

matchLEA~kflag is cleared.

,r~r thea usrielectad the nacb EAR optiou, call the appropriate EAR dialo
# box sad Wrilste d Wset file

if(vaachLEA~kflagX

liRLDEV-1)

Dighroc - (LGPROC)M~akelrochsane(FARPPOC)EARlDIgProc.
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Dlaog~x~glusace "AR11 hMd. DIgfroc);+

dse(

DIgProc - (LGMCMWU) " - -U (FAmPOC)EARt2DIsProc

Diao oxhlae "HARr, MAn DWWro);

Frs hic M*cu(FARPROC)DWgPrc);.

ou fopewa.C'esr. Oway

#wnoutOn"EARWl);

//rest the nan tian options and dose the setting file

Matck ."EAJiag - 0;
no-nintiineloptions-i ;

fdose(out);

If the option to maximize thrust for a given torque and determine ship speed

option is selected, the maximize-thrust flag is cleared. If the project is a multiple

component propulsor a warning message is printed since the option is not available for

multiple component propulSOrs.

//if the maximiz thrut for given torqu and determine ship speed option as

#/chosen rese the runtme options and print a warning mesage if there as

Mwniaximiathrs -0;
skountimeqoptions - 1;

HOMWIX

Memoep(AM-ICONEXCLAMA71ON);

Message~ox(hWnd, wfla Maximize Thrust option is not available for~
smaltple r nw mPou- propulsor. Continuing with normal nua.

'WAIININGf*, MB ICONSTOP MR MOK I WB TASKAMOAL);
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If the user has elcted to optimize RPM or diameter, a test is made to determine if

the project is a ringed ,ropeler or if the project has a duct. If the project is not a ringed

propeller and has no duct, the Optimization Data dialog box is called and the user may

saect the component to optimize. The user must specify a required thrust to optimize for

and in the case of a contra-rotating propulsor must specify a torque coefficient. The

OPTIM.DAT file is then written to provide the user supplied data to the FORTRAN

executable and the run time option is cleared.

/if the • selected the optime RPM or dimeter opton, call the opumaon
1diog box D

it(optimiwrpmdoptimim-diaeter)(

/lthe optmiation procedurs can not be used for ringed or ducted propulsors

ilfringdprcpeUerp0J''Y'&AimfaV ductI'Y'{ S

DigProc = (DLGPROC)MakeProclnsiance((FARPROC)OfPrMIZATIONDIgProc,

DialogBox(ghlnstance, "OPTIMIZATION', hWnd, DlgProc);

Fre'rocltanac((FARPROC)DIgProc);

out = fope("TOIM.DAT", "w");

ipndut(ot,".dW,op•comp);
fpfintr(but~~~,"f"thiniskeq)
4winouAfOWfcoeff;

llresed the run •tme opdtmos and close the data file

opthnimIpm = 0',
Optimizc..diameter -0;
no_nmLimERopions 1;
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l the project is a ringed or ducted propulsor, a warning message is written into the
II

OPTIM.DAT file for display after the run is complete and the run time option is cleared.

Since the options.set file was previously written assuming that the RPM or diameter

would be optimized, the file is rewritten with no runtime option.

out = fopenO DAr, *w));

fprind~wOut8ptimization procedures can not be~
used for ringed or ducted propulsors);

fclose(out);

optimize rpm = 0;
optimizediameter = 0;
noruntimeoptions = 1;

out = fopCn(*options.set*, "w");

fprintf(out.9\n");
fprind(out,Vt"nw, horsepower);
fprintf(out,'°/vfn", thrustcoefficient);

fclose(out);

The final action of the IDMRUN case is to use the WinExec function to cause the

PLL FORTRAN executable to be run in an iconified window.

//run the fortran executable in an iconified window

WinExec(pil.pif",SWSHOWMINIMIZED);

break,3
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_ I

The IDM_PRINTPLLPLOTS cm is used to respond to the FilelPrint PLL Plots

main menu selection. Two temporary integer variables are declared. They are used to I

retain information regarding the plot currently displayed in the Plot Viewer window since

the plotpage and plotcomponent flag variables are altered during the printing process.

A loop counter is declared for the purpose of keeping track of the number of copies 0

printed. PRINTDLG and DOCINFO structures are declared for use in calling the Print

common dialog box and specifyg the details of the document for the WindowsTh Print

Manager program. The PRINTDLG and DOCINFO structures and the printing process 0

were described in Appendix A.3.

case IDMPRINTPLtPLOTS: {

int temp..piot..page, //copies of the plot.page and 0

temppl0t_Component~flag, //plotcomponent flag indices

j; //loop counter

PRINTDLG pd; //print dialog stnrcture

DOCINFO di; //document information structure

The case first tests the drawplotflag to determine if any PLL plots are available

for printing. If no plots are available, a warning message is displayed and the case is

terminated.

//if there is are no PLL plots to print, print a warning and terminate the case

if(draw_plotflag ){

bleagdcepM ICONEXCLAMATJON);

MessageBox(hWnd, "There are no PLL plots to print.',
"WARNINGO, MB.ICONSTOP I MBOK I MBTASKMODAL);

IfPLL plots are available for printing, the plot_page and plot component flag

values are saved in the temporary integer variables that were declared for that purpose.
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This is done so that they can be restored after the printing process. The result of not4

* restoring the values would be to possibly alter the plot displayed in the Plot Viewer

window by processing a print request.

//tiherw.m Ircs the rMquest

*I/sav copies ofdte current plalpopp aid )t-powatcompcfhlag hndcm since
fl they will be ahered &Mdoingte printingprcs

te~myplot..mpsgentf -po page; mpnek-1

4 ~The PRINTDLG and DOCINFO structures ame initialized in the same way as descuibed in

Appendix A.3. The pd.nFromPage and pd.nrinage are set to one and the pd.nToPage

4 and pd.nMaxPage parameters are set to one and four respectively. This limits the range of

page numbers available to the user through the Print common dialog box and initializes the

values displayed in the box to one and four since PLL generates four plot pages.

4 ~//set all prntdlg structure members to zero.

enwrset(&pd, 0, sizeoWRINfhLG));

//initialize the documnent informaton structure

4 di.cbSize = sizeof(DOCINF);
di.pszDocName - 'MIT-PLL PLOTS%
di.pszOutput = NULL;,

fl Initialize the necessary PRINTDLG structure: mnembers.

4 ~pd.IStrucSiz - sizeofPRINDLG);
pd~hwndOwner = hWnd;
pd.Flag -PDR]ETURNDqPDHNDEPRLNTTOFUEIPDNOSELEcFION;
pd~nFroanPag = 1;
pd.aTdPap 4
pdnMaxPaWe -4;
pd~nMinPag =14;

INi the PrintDlg fitnction is succesful execute the code in the braces

if(Printflg(&pd 1- 0)
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4 S i
lfthe PrintDlg flction returns successifly, a document is started and a for loop is

* used to cause the number of copies requested by the user, pd.nCopies, to be printed. The S

case uses two additional for loops embedded in each other within the first for loop. The

first causes all three available plots for each page in the case of a multiple component

* propulsor to be printed. The second causes each selected plot page to be printed. 5

//start the output document

SwtrDoc(PdDrC,&.di);

M/ioop t*hu the number ofcope repqeed

fotO0'; j<pdnCopiu; j++)(

I/ of plots per page, I for single component and 3 for multiple component propulsors
//calculated in the for loop by 1 + 2*(LDEV-1)

for(ploý_component flag=O;plotcomponentflag<(l+2*(LDEV-l));
plotcomponent.flag++){

for(plotjmge-pd nFromPage-l1;plot..page<pnToPage;
plotpage+-){ 4
Stm~gepbDC);

printplo(pd.hDC);

EndPage(pd.hDC); D

The print process is terminated in the same way as described in Appendix A.3.

The plotpage and plot componentflag variables are restored to their original values and

* the case is terminated. p

EndDoc(pd.hD);

DeleteDC(pd~hDC);

if(pdhDevMode I- NULL) GlobalFre(pdLhDevMode);
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if (pd.ADevaes t- NULL) Gblmn'e(pdthDeNmnes);

//akze ifi plat~pqs amd plowtooumtoe-f 1ag indkco

plioi-ps - tUmppioi-pqs

P4 -cmpone -

)

The 1DM PRINTPBDPLOTS case is used to cause PBD plots to be printed. It is

S very similar to the IDMPRINTPLLPLOTS case. The differences will be emphasized in

this discussion.

case II .NTBDPLOTS: {

- int empAplo4..pag, lcopy of the plotpage index
i//oop counter

PRINTDLG pd; /print dialog structure

- DOClNFO di; /document information structure

FILE *plo; npointer to a file structure

POINT oiginf{320,240); I/origin of plot in screen
U loical coordinates

The 1DMPRINTPBDPLOTS case declares a pointer to a FILE structure to be

used in opening PBD output files that will be drawn to the printer device context. A

POINT structure is declared and initialized. It is used to determine the point in the display

area that will be used as the origin of the printed plots. As in the previous case, a

temporary variable is declared to keep track of the plot page currently displayed in the

Plot Viewer window. Only one temporary variable is required since the PBD plots do not

have the option of presenting data for the first, second, or both components. Also as in

the previous case, if there are no PBD plots to print, a warning message is printed and the

case is terminated.

INf ther is ae no PBD plots to print, print a warning and terminate the cae
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Me~qKMB-ICOtEXCLAMAT1oN;

MeWNPOBO(hWadý MWu ar no PBD plot to pdinL.,
*WARNM4IN. MD.JCONS"O I MbgOIC I MBT:ASKMOAL);,

//othe,,ime proces tparn us

After a copy of the plotpage value is saved the PRINTDLG and DOCINFO

strctres are iitalized. In this case the Page range is a function of the PBD run nmode.

The Pd-nToPage is set to five since that is the minimum number of pages available. The

value is incremented by One if the PBDOUT.CMV file is found to exist. The

pd-nMaxapag value is then set equal to the pd.nToPage value.

llmvse a cePY of the current plotpage index since: it will be altered during *
/the printing proces

tempj~lotjagc - ploijage;

//set Al prinSdl structure members to zero.

0 memset(&pd, 0, sizoU~R1NTDLG));

/rinitialize the document information sterwe

di.dSize = izeof(DOCUMF);
* di~lpsiDocName = W-PBD4 PWFSM;

di.1pszOuqmp - NULL;

In hitialize fth neceiaz PRWrIDLG structure membem

//ifthe plbdomtav f&l exists It Plot-age to 9 and plot tdat fil

pdiLStnctSlize SizO(PPlN7DLO;
pd.hwndOwner - Mud;

pdLAFreumfPa - 1;
Pd~nainPag - 1;

6Pd~nTdpage - 5;

//if the pdoutmv file does not existdte maiinum -mbe Iofplots is 5,
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l~aahl(bd COW.V 0) -0) pdaTe~pas+;

pd.Aftdap -pdaT~~g

Ifthe Prbint~ Ainction returns wccesullafly, the document is started and a for loop

4 assaspin used to control the mnuiber of copies printed. Another for loop is used to loop

through the papa to be plotted. The plotjWg value in this case is incremented by three

in his can in o~erto camsthefour PLLplot pages to bein pped.

/iIf the Pbd)D1g fhgjm is AMOCeadh exeCU the code in the Iue

if(PIIUd3W&fPd) 1- 0)

I//av the Ostp doasmmen

* ~SuazD~oc(pd~bDC,&di)

/Aocp 6hawg the mmiwanbr copme requede

fth-e jpd. aCapie j++)

* jctpqrWMPW-d~aFromLqe3;pkpqemp-d~nTc ~e3;ptc(..paae14

A switch is used to test the value of the plot~page variable and caus the

* ~appropriate files to be drawn to the printer device context, pd.hDC, that was returned by I

the Print~g fiuction.

Case four corresponds to the plot of the input blade grid and contol point net..

The input blade Srid is contained in the PBDOUT.JBG fie and the B-spline net is

contained in the PSDOUT.BSN file. The fine are tested sequentiall and if found to oeis,

they are opened with read access using the fopen flmction. The printer device context the,

addires or the origin a pointer to the FIE structure and a color value index are passed

to the p"_tgaph Sanction to cause the, plots to be drawn to the printer deiecontext.

The flSo are then closed.
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/NO*e pbidestg iMe edK ap. kt md -i kt

11( a pamuCibg 0) - 0)4

ph - hpsampbdcmdihe' u,);

wu('j~d .Lb 0) -0)(

Pies 166Ym('p asaLu, r");

vaLou h(piat);) m PK y

* ~~~~Cam. five through mwn are handle in a *rimar umane. Case five plot the0

drawing of the output bMade grid, centerbody, transiton wake, and hub and duct imaes.

It tsen the PBDOUTMHU Mie with the pint 1b finctm ioad the PBDOUT.HDI and

* PBD~N OUT.OBG flu with the p"ntyaph Ufncion.

Kuace(pibdomt.W." 0) - 0)4

6 ~phie- hpemC'pidoaw.W, "eB);

pmint*Lvd"bDC, origin piot)

Um~pst) ar*PI
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- - hpmm(pbiswovLg. ahn

p.Ij~~b(dWDC, ad^i. 04 0).

Came mx draws the control point velocity plot using the PBDOUT.VCP file and the

paintvcp flmction

sum6:( '
i:acc.pbdaqi~vc. 0) - 0)

-b - hpwpeaC'udaW.vp "e);

pda vqW(pdLbDC wdgb% pkt);

Caw seven draws the circulaton contour plot. It uses, depending on the run

mode, eihe the PBDOUT.GSP or the PBDOUT.SOL funiction. The paintsp futnction

is used in eithe case.

cams7:4

Am ke datdiam como plat Mle umy be eithr a .lp or a.s Mo ie

-b - hpe(plbdouW., On)

P"miP(pd~DC- odgun, PlO;

elms i~cmu~idatl, 0)- 0)4

-k - h epem(doLsor, wi).
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pdoULM(PILhDC. e,11a PW +
Can eigt draws the raWa circulation dimtfibution plot. It uwses depending on the

nm mode, eithe the PBDOUT.RDC or the PBDOUT.SGR finction. The paunt_*d

function is wed in either case.

Cme 8:(

/Mmthe adia vmulatimi dwirbtiosa ftl may be either a nic or a .sp Mie

if(AOOMuOpbdou.d, 0) - 0)4

plot- fbpearpbdouLrc. re);

pei~ntr(pd~bDC, plot);

fcloee(pOR);)

else ifampdo~gm 0) -0)4

plot - leA~mupbdoutsgr. *rp);

psi~ntcpdLhDC, plot); P

The final cae, cas nine, prints the circumfferentia mean velocity plot usin the

PBDOUT.CMV file and the pai~nt m function.

M Kccupbdoutcmvw' 0) - 0)4

plo - fb~eapbdmiLcnkv" *r*Y;

242



The docwnent is terminaed in the nmwaim described above, the plot~page value is

restored, and the case is terminaed.

End~o~dwbD );

DdcDdC(pdhWc).

if (pd~bDev*ode I- NULL) GWWreepdhbDevMkde);

if (jidbDevName I- NULL) Glcbul~reeQdAhDevNames);

Ikiiai the pk*_"Pq index

Pid-mot - temp-ploAjeg;

The 1IDM PRINTOUTPUT cane responds to main menu FilelPrint Output

selections. The case declares a PRENTLG structure and a DOCINFO structure as-

eece.Loop counters and a temporaly variable for storing the value of output~flag are

declared. The integer variable page is used in testing to determine if a particular page

should be printed. The print~flag array is also used in determining if a particular page

should be plotted.

cem WmMMwRPUr:

wt Imp-ow-tpitfl //of die ouqm_&lg index
ki,J I/oop P m uien

ppeop number
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DOCIONOI; //dsmmm imromedaa graclw

jut printfI Ijm(1,0 MOWA~p arra olfa ft adt
0,0, fl iadlcute if a particular
O.A A I/ie diould be priated

0);

Ufther is no output to print, as indicated by the absence of the surmmazy.out file, a

warning message, printed and the cas is terminated&

IMan, outp is avilale, prn - erro uman and terminate dhe can

if(tproect.flq1(aecessraammaY.ot,. 0) - OM)

geuaeep(MBICONEXCL"~ATION);

Memsageflox(hWad, "A project must be open and outpu available in order to print.,
*WARNDINGI, MB ICONSTOP I MBýOK I MB-TASKMODAL);

break-

Iffthere is output to prit the case proceeds by filling in the print-flag array. Two

conditions must be met in order for an output fileto be printed. The first is that the file

must exist. The print flag is filled in based on the existence of the output files

corresponding to the position in the array. The Ith position in the array, for example, is

incremnented by one from its initialized value of zero if the detaill out file is found to exist.

The surnamaayout file is assumned to exist since the case was not immediately terminate

based on the initial test, and the 0th value is initialized as one.

I/otherwise prm the reques

/Amet the pdwtfiag for each output file that exast for this nm

i Iudetal~am-u. 0)- 0) print.flaglll ++;
ifrscceasumso.inr, 0) - 0) prmftflgl31 ++.
EK;aCcess('d.cpo 0) -0) prinft flag 4+;

i Kac hrthout 0) - 0) pdwlntfigj ++;
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iiaaxm( inzie.dr, 0) -0) printflud6l ++;
ima•,m.(madz , 0)--0) pitfl_71 +;

il-•.p, o) -- o) pdd-tdsSl ++,I-
ue("m��a hoe, o)--o) pdt.flahl9l ++;

ignemu("pb .kq, 0) -0) pintflaal o0++;

The case then saves a copy of the outputjlag and initializes the PRIUNTDLG and

DOCINFO structures. The outputflag is an index that indicates the file that is to be

displWy in the Output Viewer window. The copy is saved so that the file displayed in

the window will not be changed by the printing process.

l/ise a copy of the output flag since it will be altered during the printing process

Wmp_Wp.out_ - ouqtpu ag;

Uset all of the prinidig structure members to zero

mensW&pd. 0, dsW(RINTLG));

/rIutialize the document information structure

di.cbSize - izeo(DOCINFO);
di.lpszDocName - "Mrr-PLL OUTPUt;
di.lpszOufput = NULL;

/'initialize the necessary PRNMLG structure members.

p-dStructSize = sizoflRIN LG); p
pd.hwndOwner = hWnd;
pd.Fla = PD_RE•RNDIPDJIIDEPRINTfOFILEIPD.NOSELECrION;
pdunFnPImag - 1;

The sum of the values in the printkflag array is equal to the total number of files available

for printing. A for loop is used to sum the values in the array into the pd.nToPage

variable. The pd.nToPage value is then copied into the pd.nMaxpage variable to complete

the initialat.on process for the PRINTDLG structure.

//sum the printflag array to deternine how many files are available to prnt

for(i-0;i<l l;i-#+) pd.nT0Pag= printflag~il;

pd.nMinPag- 1; I
pd.nMaxPae - pd.nToPaW;

Iif the PrintDlg function is successful, execute the code in the braces
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VOWDaIK&pd) 1- ) 0)

"MA30n the doenmAnt

/ooP through th number ofoopaw reqauud

fo&jo; j<(eLncow j++){

If the PrintDIg function returns successly, a document is started and a for loop is

used to print the number of copies requested by the user The second condition that must

be met in order for a file to be printed is that the user must specify that it be printed by

including it in the print range. In this case, the from page and to page values selected by

the user are interpreted as from file and to file values.

The temporary integer value, page, is set to zero. The value in page will be used

to indicate the file number corresponding to a particular output file.

//set the current page number to zero

pap-0

The case now uses a for loop to index through the print flag array. If the value of

the printflag array indicates that the file exists, page is incremented so that the value in

page corresponds to the page number, or file number, of the file corresponding to the

printflag index.

iiioop thmrug esch of the ten pomble output files

for0-i-J~< l*,i++){

/f the fil e xs, increment the pe number

if(prin~tfigdiD{

page+;
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F

The case then tests page to determine if it is within the range of files the user

desires to print. If it is, then a page is started with the output_flag set so that the

appropriate file will be printed. The printer device context is then passed to the printout

function and the appropriate file is printed.

INir the page number is in the mage requested by the user, print it

if(oag>'d.nFromPage)&&(page<=pd.nToPagc))(

outputlag = i;

StanPage(pd.hD•);

printout(pd.hDC);

EndPage(pd.hDC);

)}
)

)

After the appropriate number of copies of the requested files are printed, the case

is terminated in the manner described above in the ]DMPRINTPLLPLOTS and

IDMPRINTPBDPLOTS cases.

//end the document I'

EndDoc(pd.hDC);

DeIeteDC(pd.hDC);
) S

if (pd.hDevMode I= NULL) GlobaIFree(pd.hDevMode);

if (pd.hDevNames f= NULL) GlobalFree(pd.hDevNames);

output flag = temp output flag; p

break;

The I,)M_SAVEPROJECT case handles the FilelSave Project main menu

selection. If a project is currently open, it uses an OPENFILENAME structure and the

GetSaveFileName functiot to call the Save common dialog box.
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cue 1MMSAVEPROJECr:

OPENFENAME ok /iepeafleaames tructure wrd With
fl Gettem~m flmiction

cha usfe(2361, //=Mme and location Of the file
u~Fal~is~e2Sfl Uto open

sz~dTW2%.funaine of file to open
szFilterU PR Files AlPJV)PJ);/Zter for list box

FILE *project; //pointer to a fie structure

O /iift ero is no project open, print a warning and terminate the case

if(IprojectflWg)

MesageeepMBCONEXCLAMATION);

* MessageBox(hWnd, "A project must be open in order to be saved.",
WARNINGr-, MB ICONSTOP I MBOK I MBTASKMODAL);.

bre*k

I/otherwise, process the request

The case initialzes the dialog box with the name of the currently open project in case the

user wishes to overwrite the project file. Alternatively, the user may input any acceptable

DOS filename.

//zero the openfilename structure

memset(&ofn, 0, sizeofOPENFELENAME));

/Antilie he ecssryOPENFIENAME structure parameters

strcpy(szFiKe PROJECI'FlE);

ofil.lStructsize -size4fOPENFILENAME;

ofnthwadOwner Mohd;
ofelpstrFifter = uFilter;
oft.Ipstffde = sFile;
ofn~anfax~rde s=qsizeo File);
ofnilpurFileTitle = szFileritle;
ofi~oMaxrileTide M sizwqfszFileTitle);
ofn.Flap - OFN-OVERWRrTEPRONMPOFN-lDEREADONLY;

I/f the GetzaveFileName function is successful, execute the code in the brae
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if (GdSxveFUeN=*&o&t)) {

Fl

4 If the GeSaveFileNam function returns successfully, the file selected by the user

is opened with write access, the filename is written to the PROJECTFILE global character

array, and the new project file is written by calling the write_project file function. The

new project file is then closed and the case is terminated.

//open the file indicated by the user

Pnoect - fbpen*Otlp•rFieT''l,"w");

llcopy the file title into the PROJECTMILE string

sprint1(ROJECTILE, *Y/s,ofn.lp•trFileTitle);

//write the project file by calling the writepromjctfile function

write pojectfAe(project);

//dose the file

fclose (project);

4 }

break }

The next five cases respond to the EditiDefault Settings, EditlDuct Settings,

EditIABS Strength Settings, EditIPBD Settings, and EditIPBD Skew/Rake Settings main

menu selections. Each case declares a pointer to a dialog procedure, DIgProc.

case 1DM_DEFAULTSETTINGS: {

DLGPROC DigPrw, //pointer to a dialog
proceftre

The IDM DEFAULTSETTINGS case displays a warning message if there is no

project open and terminates the case. If a project is open, the case calls the single or

multiple component Default Settings dialog box based on a test of LDEV. The case

terminates after the dialog box terminates.

Ilif no project is open, print a warning mesage and terminate the case
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Meuapdeep(MB-1CONEXCLAMATKON);

MeAft epox(hWnd, *A project mad be open in order to be edi Default Settiap,4

OWARNMINGI MBJCONSTOP I MWOC I MDTASKMODAL);

0 ~~//call doe qappoprato Defaut Settmng dialog box depending on the nuniber 0

fl of compoameu

ff(LDEV <2)(

DigProc - ODLGFROC)M rocdnstace(FARPIROC)DefautlSettingDlg~oc, ghlnstance);
0 Dialog~ox(Sb~nstonce, 'DEFAULT1SETFINGS", hWnd, DigProc);

0 ~~DlgProc - (DLGiPROC)MakeProcnstace(FARPROC)Defaulr2SettngsDlgProc. ghIlustance);
DialogBox(ghiInstance, *DEFAULT2SETrINGS", hWnd, DlgProc);

Free~sroclnstance((FARPROC)DlgProc);

6 ~break;)

cast IDMDUCTSEMfNGS:

DLGPROC DlgPrwc //pointer to a dialog

procedure I

The 1DMDUCTSETFINGS case displays a warning message if there is no

project open or if there is no duct in the open project and terminates the case. If a ducted

* ~project is open, the case calls Duct Settings dialog box. The case terminates after the

dialog box termintates.

I/if no project is open or ther is no duct, pri a warning message and
IIterminfte the cuan

i~lproject-la~iniage..duct - 'N)Iimage duct -'n)

MleuageBwoxWnd, "A project with a duct must be open in order to edfit die~
Duct Default Settings.,

*WARNINGI,. MBICONSTOP I MOKI MB-TASKMODAL);
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0 ~~D~gfro - DLGPROC)M m~chuaacFARPROC)D LUctetiaDlgPfoc. ghilnstance);
Dllgo(ghhiutaace, *DUCTSETTINGS., hWad. DigProc)

Frewrwcnusancv((FARPROC)DlSPvoc);.

6 ~case DMM ABSRULES:{

DLGPROC DigPrc, //pomnter to a dialog

* ~The 1DMAESRULES case displays a warning message if there is no project open

and terminates the case. If a project is open, the case calls ABS Rules Strength Settings

dialog box. The case terminates after the dialog box termintues.

ifMprojectjflam)

Messagefleep(MBICONEXCLAMATION),

'MeuageBox(hWnd, "A project must be open in order to edit the ABS Rules\
SteghCalculation Settings,.,

WARNINGI'. MB_4CONSTOP I Mb0EK I MB-TASKMODAL);

break;)

DIgProc - PDCROC)MabkeProcnstanc(FARPOC)ABSDIgPro. glsac)
*jlgo~hnaw RABSUIES", hWnd, DISProc);

Fred'rocnstaae((FARPROC)DlgProc),

* The 1IDMED1TPBDSETTITNGS case is analogous to the 1DMABSRULES case.

ew DM_-EDITPBDSETrINGS:

DLGPMOC Dlgproc: //pointer to a dialog
procedure

ilftjwojectflag

Meusgefeep(MoB-ICONEXCLAMATION);

M~essagefox(hWnd, *A project must be open in order to edit the PED Settings."

* *WAflNINGU! hMBICONSTOI' I NMB,0K I MBTASKMODAL);
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D~gPrec - (DLrPRSCff . (dao(FARPOC)PBDSettingDIgProc glnstanot);4
U. * DSTIG. bWnd DISPro);
F. ~ocjgain*(FARPROC)Dlgroq),

brea* I,

4 ~The IDM-EDrTPBDSKEWRAKE case is analogous to the

1IDMDEFAULTSETTINGS case.

cme DM EDrrPBDSKEWRAKE:

4DLGPROC DIgOroc i/pointer to a dialog

Memage~eep(MBjCONEXCLAMATION).

4 Message~ox(hWnd, 'A project must be open in order to edit the PBD Skew and Rake values.".
OWARNINGr., MB ICONSTOP I MBOK I MBTASKMODAL);

break;

4 DlgProc - (DLGPROC)MakeProclnstance((FARPROC)SkewRakelDlgProc. ghlnstance); 0
DialogBox(gblnstance, OSKEWRAKE 1", hWnd, DlgProc);
Free~roclnstan*e(FARPROC)DlgProc);

iL(LDEV>1){

4 DlgProc = (DLGPROC)Makedlrolnsance(FARPROC)SkewRake2Dlg~roc, ghlnstance); 0
DialogBox(ghInstace~, "SKEWRAKE2", hWnd, DigProc);
Fmrclnstance((FARPROC)DtgProc);

4break;

The 1DM- DITPITCHROLLYAW case responds to a message sent by the

MDIChildPlotWndProc in response to a right mouse button double click on the Plot

* Viewer window while a PBD plot is displayed. It calls the PBD Plot Geometry dialog box

and terminates after the dialog box termninates. The MDIChildPlotWndProc function will

be discussed in section C.2.3.

4 cut IMMEX iITPICHROLLYAW:4

252

*~~ 9 S



DLAWRC D6WPmc /4wIubtrItoa d'*f

DWms - MDLGROCffhbd~mcws((7ARPROC)FUMYDI~mc 0gmaam);

Feemcl ((FARFROcQIgftck.

T7e IIDMWVRITEOIPUT cane responds to the main uman Fuelrite PLL

Output File selection. Mfthere is an open project and output available, the cas allows the

user to select an output filename using the Save common dialog box.

Coe M flREOMYIUT:{

OPENFIPENAME oka /openfllename structure used with
fl Gd~en~feName A--..-

char szFile(256j-"$.out~w, //name and location of fth file
// to open

* ~szFileTitle(2561, I/name of file to open I
szFilterfl- *OUT Files (*.OUTl)\*.O(XYM*' //filter for fist box

HFILE out I/handlle to a file,

/Mf no project is open or there are no output files, print a warning
lland tenninate the cut

if(p~ctfm,(cessn~-w 0) - O

Mesuage~eep(MB-ICONEXCLAMATION);

MessqgeBox(hWad, 'A project must be open and output available to write an output file.*,
6 'WARNMI"G, MB ICONSTOP I hdB.PK I MB-TASKMODAL);

bre

memet(&din, th 0,NILNN shaol(OIeNFrsAE

IIInitialize dhe OFENFIENAME menmer

Oflfnstructs~ii = sizeolOPENFlLENAME);
ofn~hwnd~wner = hMod;
ow~powir~er = ?Filter,
ftiipuirdie = szFfte
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-6*M~ dangsd%)•u~Flehhl~ - Fll~sT~hg;

S- hKBH ADOY;

Upon the mwcceuU return of the Get•SaveFileNaem fncdon, the case use the Icreat

Amntion to open or crae the Me selected by the user. The kreat runction receves the

addrm ofthe ile title and a ile attribte. In this case, if the file already exists it is opened

for redig and writing and truncated to zero length. Ifthe file does not exist, it is created

with write access. The function returns a handle to the file.

I/craft aM ouput file

ut - kre•M(•cfiiipfilerato, 0);

The case then writes all of the available PLL output files into the specified file by calling

the writeoutputfile function, doses the file, and terminates the case. *

J1call th wril-w OutLflk futik OnI to write ft ot" file

write..outputwflou*)

Il/Cow the ma outpt file

lcloe(out);

If there are PBD output files available as indicated by the pbdflag variable, the

IDMWRITEPBDOUTPUT case responds to main menu F'defWrite PBD Output Files

selections by calling the writepbdfiles function. Otherwise, a warning message is

displayed and the case is terminated. The write.pbdfiles function copies all of the

available PBD output files into files having the root name specified in the PBD Settings

dialog box and the appropriate extension.

cae fMlwDrrO•DoUUr: {
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1hm IteowmaAMAT

'WAlNMIOI N ICONS"C I WO0K I WB.TASK"OAL);

0 ~The I3DM-EXrT case responds to nmai mema FaeW~hd selections and to miessages

sent by the WM-DESTROY case in the FrameWndProc function. The fiunction deletes

teimpoay files by passng the piljI~fes and pb~da fleblgs to the delete-files function and

6 ~by individually deleting the files not deleted by the delete-files finction.t

I/ddml the ~mopm" ay le

ddelef fiu~b* fi

unfiek(Oft".op"

Onwhpi m m"e~. );

uai(pbu~2 .dMA);

uuiAkd2xclIqap-);p
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.nmilk("xLbp.iupi

uMakCi~hmi~a
• mnp Waxt~n

The EDMXIET case then fiees the timer for use by other applications and sends a

request to the WindowTm environment to terminate the program. The case is then

terminated.

I/delte the dnw
UKf w(hWndD TIMER);
Poaoat• eue0);

bm*;

The IbDMABOUT case calls the About dialog box and terminates when the dialog

box terminates.

cas IDMABOUT :{

fl ffis hndks the Abom diabg box l -

DLGPROC DIgPwc,

DngP=o - DtGPRC,• k• Xbonsmc(FARPOC)AJ3OUTDngIroc, &n• ).
Di • "~ABOUT", hWnd, DlS•Woc); •

F[awiwInstswc(FARPROQ)DlgProc);

Messages not handled by a prior case in the switch are referred to the default

WindowaTM fiame procedure by calling the DefFrameProc function. The DefFrameProc

function receives a handle to the frame window, a handle to the client window, and

unsigned integer that specifies the message being sent, and 16 and 32 bit parameters with

additional information that is a function of the message. The function processes the

message and returns the processing result, which is also a function of the message that is

sent.
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APPENDIXK C.2

The PLL MDI Child Window Procedure fOuctions
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C-2 7We PILL MDI Chid Whsdow Procedure flanctlons.

Child windows in a MWDI application receive messages in the su way as their

non-MDI application counterparts. The messages are not handled by the FrameWndProc

but rather by individual child window procedures. Normally there is one child window

procedure for each type of child window in a MDI application, and this is the cas in PLL.

The MDlChildBladewndProc, MDIChildWakeWndProc, MDIChildOutputWndProc, and

MDlChildPlotWndProc functions will be described in this appendix.

C.2. The PILL MDIChildBladeWndlroc and MDlChildWakeWndlroc functions.

The declarations of the MDlChildBladeWnd~roc and MDlChildWakeWndProc

functions are the same as those of the MainWndProe functions described in Appendices A

and B and of the FrameWndProc function described in section C. 1.2. Their operation is

also quite similar. Both of the child window procedures use switches to respond to

messages passed by the Windows~m environment as a result of user action. 0

Both the MDlChildBladeWndProc function and the MDIChildWakeWndProc

function respond to WMPAINT commands. The MDIChildBladeWndProc function

responds simply by calling the paintbld fuinction and returning zero, indicating that the

message was handled. The paintbld function receives the handle to the Blade Viewer

window and draws the blade and ring parameter plots on the window. Messages other

than WMPAINT that are received by the Blade Viewer window are referred to the

default MDI Child window procedure, DefMADlChildProc.

LRESULT CALLBACK -export MDIChildBiadeWndProcQIWND hWnd, UMN message, WPARAM
wParam, LPARAM Ularam)

sMitch (message)

case WM PAIN: I

llrespond to WMPAIN messages by calling the paintbid function
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psui OWad); +
//rdr minpu mat bodled we to the ddault winows MD1 child window procedure

mrum Deawlad~rohWnd menage, wParam. PWarm);

The response of the MDIChildWakeWndProc function to a WMPAINT message

is the same as the MDlChildBladeWndProc function except that the paint_wake function 0

is called instead of the paint_bid function. The paintwake function receives the handle to

the Wake Viewer window and draws the project wake profile on the window. If the

project has two components, the user may toggle between the wake profiles for the first 1

and second components by double clicking the left mouse button while the cursor is on the

Wake Viewer window. This action causes a WMLBUTTONDBLCLK message to be

sent to the MDIChildWakeWndProc function. I 0

LRESULT CALLBACK -export MDIChildWakeWndProc(HWND hWnd, UINT message, WPARAM

wParaM, LPARAM IParam)

switch (message)
{
case WMLBUTIrONDBLCLK: {

Upon receipt of a WMLBUTTONDBLCLK message, the case tests the LDEV

integer variable to determine if the project is a single component project. If the current

project has only one component the case is terminated immediately by returning zero,

indicating to the WindowsTm environment that the case was handled.

/if them is only on component terminte the case

iM.DEV-1) return 0;
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If there is more than one component, a switch is used to toggle the

componentflag integer variable from zero to one or one to zero depending on its initial

state. The component flag variable value controls the selection of the wake profile that

will be drawn by the paint-wake function. After this is done, the Invalidate•,Zt function

is used to cause the Wake Viewer window to be redrawn since the data to be displayed on

the screen has changed. A value of zero is then returned to indicate that the case has been

handled.

/if there is more than one component, toggle the componentaflag and repaint the screen

switch(componentflag)
c
case 0: { component.flag=l; break; )
case 1: { component flag-=0; break;)}
}

InvalidateRect(hWnd, NULL, TRUE);

return 0;

case WMPAINT: {

//respond to WMPAINT messages by calling the paintwake function

paintwake(hWnd);

return 0;
}

II

As in the case of the MDIChildBladeWndProc function, if a message is not

handled by the switch, it is referred to the default MDI Child window procedure.

//refer messages not handled above to the default windows MDI child window
fl procedure

return De&MIChildProc(hWnd, message, wParam, IParam);
}
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C.2.2 The PLL MDIChiidOutputWndPr function.

The declaration and operation of the MDIChildOutputWndProc are similar to the

declaration and operation of the functions described in section C.2.1 above. It is,

however, a more complicated function due to the addition of three cases in the switch and

the large number of different output files that may be selected for viewing.

LRESULT CALLBACK _export MDlChildOutputWndProc(HWND hWnd. UINT message, WPARAM
wParam, LPARAM haram)
{

switch (message)
{

The first message handled in the MDIChildOutputWndProc function is the

WMLBUTTONDBLCLK message. Double clicking the left mouse button on the

Output Viewer window causes the display to index to the next available file. If there are

no output files to display, as indicated by the absence of the summary.out file, the case

returns zero to indicate that the message was handled and takes no further action.

case WMLBUTIONDBLCLK: (

//if there is no summary out file there is no reason to change the outputflag

//sojust terminate the case

if(access(*summary.out", 0) != 0)

return 0;

If there are output files to display, the case first resets the scroll bar position to the

top of the page so that the next file in the sequence will be displayed starting at the top.

/Iset ScroHPos to zero so the new page will print at the top of the page
fl and update the scrol bar position

Scrol Pos- 0;
SeSc hWnd, SBVERT, Scroll_Po TRUE);
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I 4

Next, a switch is employed to determine which file is to be displayed based on

which file is currently displayed. The existing files are displayed in the following order.

1. sumnary.out.
2. detail I.out.
3. detail2.out.

4 4. stres out.
5. duct.geo.
6. firds.out.
7. nonaxi.cir.
8. nonaxi.for.
9. nonaxi.cmp.
10. nonaxi.har.
11. pbdout.ktq.

4I When the outputflag value has been indexed, the InvalidateRect function is used to cause

the screen to be repainted and the case is terminated.

switchb(output..ag)
4{

case summary: { outputflag = detailedi; break;)

//skip over detailed2 if there is only one component
case detailedl: { i (DEV=I) outflag - absqunescal,

else outputflag = detailed2;
break;)

case detailed2: I outputflag = abs rules cac, break;)

cas abs rules caic:
//go to the duct geoney case if there is a duct.eo file

if(acceo(ducLg.ow, 0) - 0)
outputjhag = ductjeornetW,

//So to the downstream velocities case if there is a fards.out file
else

if•accew("&rd.otr, 0) - 0)
Soutptmflag - downstrearm. ociies;I
li//o to the non axisym_cor case if there is a nonaxi.cir file

else
if(accCss(nonaxi.ciru, 0) - 0)

outputjlag - nonoaxisymcir,
else

* /lgo to the pbdktq case if there is a pbdout.ktq file and the pbdflag is set
if(pbdflag)&&
acess('pbdout.ktq, 0) -0)
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/om iegbakto th __anit oumu flag - pbdktq;

- ~ctelse

I//, to the dowastrean vicities cme if there is a W~out file

outpiAflag - downsteam _veocities;
//So to the noi axisysecar case if there is a nomax.cir file

else
ikacceu~nonaxi.ciru 0) - 0)
els outputjla - nonaxisym -car.

//go to the pbdktq cawe if there is a pbdoutktq file and the pbd flag is set
if((pbd_&ag&&accesspbdouLktq. 0) 0)

outpuflag - pbdktq;
//otberwise go beck to the summary case

else outputja -mammaly;

break;)

case downstreamn-yelocitiesj1
//go to the novkaxisym_.Or case if there is a nonaxi~cir file

* ~if(access~rnonaxi.ciru, 0) - 0)
outpuflag = nonaxisyan ca,

else
//go to the pbdktq case if there is a pbdoutktq file and the pbdjflag is set

if((bdW&&ace~ pbdoutktq,. 0) - 0)
outputflag = pbdktq; I

* //otherwise go back to the nuzmazy case

outputjflag = swmnmar

breakj

* ~~~case wnoxisymcir: ( ou~ftptfa = nonaxisyn forbreak;)

case m naxisymw fo:( outputflag = nonaxisym cmp. break;)

case anaxWsM~cmp: { outputlag -non axisym bar; break;)

* ~case nonaxisym-bar 4

/Igo to the pbcildq case if there is a pbdoutktq file and the pbdjflag is set
if (bdflagi&&accessppbdoutktq', 0) -0)

Muput~fiag - pbdktq;
i/othenwise: go back to the smnmary caw

* outpuf flag - aammary;
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case piIktq: (oup.flag mmmyW break;)

}

IWalidalehcWad, NULL, TRUE);

The first additional cae in the MDIChildOutputWndProc function is the

WMRBUTTONDBLCLK case. The WM RBUTTONDBLCLX case responds to the

user double clicding the right mouse button on the Output Viewer window. This causes

the textcolor flag to be indexed in a continuous loop from the default blue to green, to

red, to black, and back to blue as the user continues to double click the right mouse

button. It is accomplished with a switch similar to the one described in the

WMLBUTrONDBLCLK case above. After the textcblor flag has been altered, the

InvalidateRect function is used to cause the screen to be redrawn and the case is

terminated by returning zero.

case WMRBLrIONDBLCLK: {

* r/Yf the right mouse button is double clicked, the text_color is indexed
// by one increment, starting with blue and pwgressng through green, red.
// and black then back to blue

switch(text color)6 (,
case blue: ( IteA olr = green; break;)
case green: (te)xtolor - red; break;)
caw red: ( totcolor = black; brtek;)
cae black: I (et clco - blue; break;)

//casme the screen to be repainted once the text color has been indexed

InvalidaftdecthWnd, NULL, TRUE);

return 0;
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The other two new cases are the WMVSCROLL and the WMKEYDOWN

4 cases The first refers scroll bar messages to the WMVScroilHandler fimction and the 1

second refers nmsages to the WMKeydownHandler function. These functions will be

described later in this appendix.

cme WMVSCROLL: 1
{

retum HANDLE-_WMYWSCROULhWd wPm, iPmm, WnMVScmU_Handler);
)

cum WM-KEYDOWN:
{

/ths, case handles -eyoud aery

retufl HANDLEWM_KEYDOWN(hWnd~wPra nwmauWMKcydown Handler);

The last case in the switch is the WMPAINT case. This case passes the handle of

the Output Viewer window to the paintout function. The paintout function draws the

appropriate output file to the Output Viewer window device context.

case WMPAINT:
I

painut(hWnd);D

rturn 0;

}

0I

If a message is not handled by one of the cases in the switch, it is referred to the default

MDI Child window procedure.

return DeMDlChildPmo Wnd, messae, wPamm, lanmm); 1

C.2.3 The PLL MDIChildPIotWndProc function.
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The MDIChIldPIoWWndProc is similar to the MDIChildOutputWndProc function

described in section C.2.2 above, but without the cases made necessary by the Output

Viewer window scrol bar.

LAESULT CALLBACK _ape, D InChildPWWndProc(HWND hWMd. UINT message, WPARAM
wuamm LPARAM IPWw)
{

The WMLBUTrONDBLCLK case responds to the user double clicking the left

mouse button on the Plot Viewer window. This action causes the plot displayed to index

in a continuous loop through the available plots. This is more straightforward than the

Output Viewer case because there is a lower degree of variability in the plots available.

case WMLBUTrONDBLCLK:

Irif theft wet no plots to draw and pbd has not been run, terminate the cs

If there are no PLL and no PBD plots to draw, the case is terminated. Otherwise,

a switch is used to alter the plotpage variable value based on the plot currently displayed

and the plots available. The InvalidateRect function is then used to cause the screen to be

redrawn and the case is terminated. The available plots are displayed in the following

order:

*P
1. PLL page 1.
2. PLL page 2.
3. PLL page 3.
4. PLL page 4.
5. PBD input blade B-spline control net nod the resultant blade.
6. PBD output blade grid for each blade, centerbody, transition wake, and hub and

duct images as applicable.
7. velocities at the blade control points.
8. coptour plot of the bound circulation strength.
9. radial circulation distribution.
10. circumferential mean velocity plot.
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I •, I
ifjIdaw...plot..fg &A tpbd-flagW

a•_IIuIMbelflth viomem botion is do%"daecWik am the -k pW., index through the page

{
//pk*_pmeV vahmr 0-3 cams pil plots to be drawn

canae 0: plotqe - 1; breaks
cme 1:4 lkt..me - 2; bu akn
case 2:{ plot_. - 3; break;

/IN the pld flgis set, index though the p*d plots

cae 3:( iftWfla) pno.pape= 4;
else plotopase -0, break;)

case 4:{ plot_ e - 5; break, )
case 5:{ plotpage - 6; break; )
case 6: plot.page = 7; break; )
case 7:4 plotj• - 8; break, )

IM the pbdouLcmv file exists. set plotpage to 9 and plot that file
# othrwI siart over with ce 0 if plplots ae to be drawn and case
# 4 if they are not to be drawn

case 8:4 if(acces("pbdoutcwv", 0) 0 0) plopage =9;
le if(draw pWjag)plotpge =,

else plotj.ige = 4;break; )

Ihtart ova with cae 0 ifpilplot are to be drawn and case 4 if they are
# not to be drawn

cse 9:4 il(dvw.plo•gtla)plopas - 0;
lse pkt~pap -4; break;)

alidavhteRwc Wnd, NULL. TRUE);

return0

The user calls the PBD Plot Geometry dialog box by double clicking the right

mouse button with the cursor on the Plot Viewer window while a PBD plot is displayed.

If a multiple component PLL plot is displayed, the WMRBUTrONDBLCLK message

causes the plot displayed to index on a continuous loop between the component one plot,

the component two plot, and the combined plot.
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coo WMdRBUFTONDBL3X.: f
=. i.

M IN uia•V sInie bwan as duble diclud am tde plot pqp mad a pbd
//plot is Oiull sed amdm meag Iothe e wlndow tm ll the
'I--hch roll.yawdi~alog o

Ifthe plot.pap value is greater than three, then aPBD plot is being diplayed. The
S vd~u• function is used to send a MEDT CHROLLYAW message to the

FrameWndProc to cause the PBD Plot Geometry box to be called and the case is

"Senýlemiag•c(FmeWnd,WMCOMAND,IDM EDITPOrCHROLLYAW,
MAKELOtNG(O,0));

return 0;,
)

If the plotpage value is not greater than three, then LDEV is tested. If the project is a

single component project the case is terminated. If the project has two components, then *
the plotcomponent__fag is indexed on a continuous loop so that the component one, then

the component two, and then the combined component plot will be displayed. The screen

is then repainted and the case is terminated. p

IrNr pH plots we being displayed and there is only one component, terminate the case

if(LDEV-1) return 0;

I/for multiple components use the following switch to index through InMass= p
//where compnent is plotted, component 2 is plotted, and both are plotted

cae 0: plotcomponMfllag; break•)
can 1: ( plotcomponacfia=2; break )
came 2: ( plot component flag•&g;break-

lcmts the screen to be reqpaited

Ineva seteconwad, NULL, TRUE);

return O',
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I

The WM PAINT cae is used to control the plots displayed on the Plot Viewer

window. A PAINTSTRUCT structure, a handle to a device context, a pointer to a file

stucture, and a POINT structure are declared.

*cMs ,/..PAiNT: {

PAWSUCT p.; I/paint itnuctre

HDC Pk aIDC, I/Andle of the device contex

* FL pio I //pointe to a file struchte

POINT orign-(320,240}; Iloripin of pio in screen
Uilogical coordinate

If a PLL plot page is to be displayed, the case passes the handle of the Plot Viewer

window to the paintplot finuction and terminates the case by returning zero.

/fif a pil pep is to be plottd, call the painiplot fincon and teninate the case D

ifplotpuge<4) paizAOWnd); rum 0;)

If a PBD plot is to be drawn, the sine and cosine of the global pitch, roll, and yaw

values are calculated. These values are used by the functions that draw the wireframne 5

drawings using the PBD output files. The case then uses the BeginPaint function to

prepare the Plot Viewer window for painting.

//caite the cosine and sine of the rol, pitch, and yaw prior to painting a pbd page 5

untroll 'sin(tel);
cooSyaw -cos(yaw)
sinyawu -AiYaw),
Co.pioh -moa(pitch);
simapitch -sin•pitch);

"#II reate the dev= conwxt

Plodan= - BeginPaint(hWnd, px);)
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7he WMPAINT case then uses a switch to control the files and fiinctions used to

draw outpu to the Plot Veww window. The switch is identical to the switch used in the I
1IDM PRINTBDPLOTrS caw in the WM[Command landler (uinction descubed in detail

inaectim C. 1.3.

4 I~~~~fue a swiac to desemnia which phd dups Male are to be plotted and call the appropriate plot functio

4 ~~~c=4:( =O{

/A hepdutgM cf punintrandpslot aintDC nm l )

iI(acceaspbdoutbsn, 0) -0)

4 ~plt - fops ("pbdouLibg". meU);

pointjgrapbs(PoftaintDC, origin, plot. 1);

fcose(plot);

break;

caw 5:

if~acceWs(pbdoutLnd, 0) 0)(0

plot - lopeapbdouLhWi, "eu);

pointihub(Pl &WInDC, origin, plot);

il~accmr(pbdou~hffin, 0)0)(

plot - fopeaC'pbdoutbdim. Uye);

paintjseh&(PoftWaitD origin, plot I);

fdoe(plot); l
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pwpaiaFbI(Pkat~iwtc, origin. plot. 0);

break

case6:{

if'Acceu("pbdouLvcp,. 0) 0)4

* ~~plot - fopu(pbdoutvop, we).

psiinycpPlot~antdC, origmn. plot);

fcloee(plot);)

case 7:(

lithe circulation contour plot file may be either a .gsp or a sol file *
if(accesCpbdauLWs. 0) - 0) (

plot - topn(*pbdoutgq?, r);

paintjspPotdaintDC, origin, plot); S

else ilraccess(pbOAMIsol, 0) -0)4

plt -ftpn~pbdputsol, weU);

paink-sp(outaiumDC origin, plot);

break;
4I

case 9:(

lithe rada circulation distribution file may be either a .rdc or a .sgr file

* if(acceu(pbdout~rdc, 0) - 0)4(

plot Ibpen(pbdoutrdc", *eX)
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pfiitft;da PI)

CIN iflacc-- pbdot.aV 0) -0) 0I

plot - oepe(-pdowp,.'..;

pm rdc&(IotWa C, pko);

case 9:{

ifacc=apbdo~cmvn, 0) -0) {

pko - %ope('pbdo•c',". r)r;

pantcmnvQ( ain=tD, origin, pica);

fclouelo); )

brea*

The last action taken by the WMPAINT case is to close out the paint command

using the EndPaint function and to return zero to indicate that the case was handled.

Ilclose out the paint command and terminate the case

EndPaint(hWnd, 4ps);

return 0;
}

Messages not handled by the switch are referred to the default MDI Child window

procedure.

lrtter messages not handled above to the default windows MDI child window procedure

return DefADIChbfdPro*• Wnd, message, wParam, IPaam);
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"APPENDIX C.3

I

The PLL dialog functions.

D

274

900



C.3 The PLL dialog functions.

The PLL WindowsTm application makes extensive use of dialog boxes. Each

dialog box requires two support functions. The dialog box functions used in PLL are very

similar to those described in Appendices A.4 and B.2. The PLL dialog functions are listed

below and are described briefly by text interspersed through the code.

C.3.1 The Run Time Settings dialog box functions.

The WMRunTimeDlgCommandHandler and RunTimeDlgProc are used to

initialize and then handle input from the Run Time Settings dialog box. The dialog box

makes use of edit controls for receiving numerical input, check boxes for setting options,

and auto-radio buttons for allowing the user to select from mutually exclusive options.

void WMRunTimeDlgCommand_H.udler(HWND hDig, int id, HWND hwndCtl, UINT codeNotify)
(

char input[20l = I/character string for i/o p
switch(id)
{
case IDMOKRUNTIME: {

HWND hCtrl; /I/handle to a dialog control
p

//read the data from the Run Time Settings dialog box

GetDlgltemText(hDlg, IDMHORSEPOWER, input, 20);
horsepower = atof(input);

GetDlgltemText(hDlg, IDM HTRUSTCOEFFICIENT, inputS20); P
thrustcoefficient = atof(input);

The procedure used to interrogate the auto-radio buttons and checkboxes is

slightly different than the procedure used in the previous programs. The previous p

programs declared a DWORD variable and assigned the return value of the SendMessage

function to the variable. The variable was then tested using an if statement and the flag

value was set appropriately. In this case, the flags are set up so that a checked state p

indicates a value of one for the flag and an unchecked state indicates a zero value. The
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Ireturn value from the SendMessage is cast as an integer value with the "(int)TM that

precedes the function call and the value is assigned directly to the flag. This eliminates the

need to declare the DWORD and to perform the test using the if statement.

h~tr - GetDlgIkenk(bDlg. IDM OTMZEP)
optimize rpm - 0itSedesa ,~~r BM_GECHMK 0, OL);

hCtrn GetDlgltem(hDlg. 1DM OPTMZDI=ANMEFE);
opfimizediamete - (int)SendAessag(hOnl. BMGEC~K 0. OL);

hCtrl - GeIDlgltein(bDlg, 1DM dXMZIRS)
axmize thrust - (int)SendAessage(hCtrl, BMGETCHECK, 0. OL);

h~rd = GetDlglten(bDg. 1DM NOOPTIONS);
no mnfnime options - (int)SendAessage(hCtrl, BM_GETCHECK, 0, OL);

hCtrl = GetDIgItem(bDI~ DMJJNLOAD);
unload~flag = (int)Sendh~essage(hCtrl, BMGETCHECK 0, OL);

hCtrl = GetDighem(hMl, 1DM MATCHA)
matchEAR flag = (int)SendAessage(h~trl, BMGETCHECK 0, OL);

hCtrl = Get~lgltem(hMg, IDM-USECURRBLD);
use-cuff-blade = (int)SendMcssage(hCtrl, BM-GETCHECK, 0, OL);

hCtrl = GetDightem(hDlg, 1DM NONA~USYM),
eval-nonaxi-stator = (int)SendAessage(hCtrl, BMECEK 0, OL);

hCtri = GetDlghtem(hMl, 1DM WRITEPBDFILES);
pbd_#ilejla = (int)Sendh~essage(hCtrl, BMGETCHECK 0, OL);

The run ok flag variable is a global integer variable that is used to determine

whether the user selected the "OK" button or the "CANCEL" button. This allows the

program to terminate the FileiRun case if the user changes his or her mind.

nm-ok_&lg =0;

EndDiaog(hDlg, 0);

brak;

case 1DMCANCELRUNTIMNE:

nrunok flag = 1;

EndDialog(hDig, 0);
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BOLCALLBACK- ,( , RnnTlaneDlgProc(WND bDX& UINT meuage WPARAM wPaumm
LPARAM iUarm)

char k*W[g2OJ - ¶I/haracter string for ito

cm WMD-flDLALOG:

//print the cwres value. in the Ran Time Settinp dialog box

0 qprimfkinpuz%90.lr~horseiowe);
SetDWIgemText(hDlg.IDMHO PWRinput);

sp&tiinput,"M.3t'thrusi.coffcin);
&dSeDgtmText(hWI&DM JSc~FII?,nput)-.

The functions in P11 make use of the CheckDlgButton function to initialize check

boxes and auto-radio buttons. The CheckDlgButton funetion receives a handle to the

* * dialog box, the identifier of the control, and an unsigned integer check state. The function

then checks or clears the control as indicated by the state. In these cases the value of the

flag is cast as an unsigned integer by using "(M4TJ[N)" preceding the variable. A value of

one causes the associated button to be initialized in a checked state, and a zero value

causes the button to be initialized in a cleared state.

Chcklgutoo(hDlIg1DM OFMERM.(UINI)optimizk pmn);
CheckDlg~uttou (Wig. IDMOPIIEIMTR ( ucNToptimize diametr);
CheckDlg~umto (hDIg. 1DM MXMEhRS,(UoNTmaximizethnzst);

Chcklguton(Wilg, IDM NOOMTONS, (UINTno nintimq options);
Chck Bgutton 0hmg. JmJJLOD (UInT)unloadjlag);

Chckignton (hDIg, DM MACE (URhflmachEARJfag);
Phc~gutton (Wig. 1IDMJJSECURRBLD, (UUCusecurrbb&d);

CheaDdgButton (Wig. IDMyNONAXISYMK (URMCev OA)CLv~sato);
4 ~CheckDigutton (Wig. 1DM WRITEPBDFJLES. (UINTpbdMejlag);

reur TRUE;

cane WM-CON0MAND:
return (BOOL)HANDULEM6ýCOMMAND(hlift wParmm Waram,

WMRunrhmeDlgCommand _Handier);
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ntuv FALSE;

C.32 The Expaded Area Ratio dialog box functions.

* The Expanded Area Ratio dialog box requires four separate functions. The S

WM UD aCom djbiander, WMEAMl nCoaimdlander, EARDIgProc, and EAR2DIgProc

functions are shown below. Four functions are required because single and multiple

* component boxes are provided. The identifiers used in the single component case for

initializing the expanded area ratio value and receiving user input are also used for

component one in the multiple component case. This reduces the total number of

* identifiers required and allows for reuse of some of the code. s

void WMEARIDIgonnnandHandler( hDIg int id, HWND hwndCU, UIN codeNotify)
{

char inpult20l - "0; //character string for i/o
switch(id)
{
case 1DMOKIEAR: f

GetDgltemText(hDlg, 1DM_IEAR, input, 20);
EARI0I - atorinput);

EndDiabog(hDlI 0);

break-

) l

BOOL CALLBACK _export EARIDIgProc(HWND hDIg, UINT message, WPARAM wParam,
LPARAM IParam)

(
char inipt[201="; //character string for i/o

{
cme WMDIrDIALOG:

• q.'rinf(input,V%5.4/t,EAR[01);

SetDigltemText(bDIgIDMIEARDAT,input);
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Vd~mpupsi,% .4r.EAWjD;
Se,~g~sa~d~hI&JtIEAR~iapW)

-m ThRUE;

cm WM-COMMA)ND:

return QD00L)ANDLE_.WM...cOMI4AND(hD1g. w~aramm Ifaram,

return FALSE;

0 ~~~vood WWAMEe2Commano landler(HWND bDIg. it Ad HWND hwnd", MIT codeNotify)

char input[201 / /character string for i/o
swktckl)

ceIDMMOK2EAR:(

GetDlgltText~hDIg, IDM)IEAR, input, 20);
EAR(O] = atcfimput);

GetDlgltcmTex(hD~g, DMM.2EAR, input, 20);
EARJI frMIimpi);

EadDiaog(hDlg, 0);

break

BOOL CALLBACK expoi EAR2DIgProc(HWND WDig, UINT message, WPARAM wParam,
LPARAM Ila=a)

char inputj2OJ- //character string for i/o

cue WMdfflDMILOG:

sprintt(input,"%S',ARYAOJ);
* ~SeaDlgltctnTezt(hlg.IDMJIEARDAT~input),

sprintf(ftput,%5.4r,EAWf Ilk;
SeeDlsltemTexthDlg.IIDM-2EARDAT~inpu);

upintf~i W t,%NO.4f m ARWI0 );
SctDlgltcmTexvDMIgtDM1LEAR~input);

uprintlinput,%5.4f"XEAWIlk)
SetDigltemTcxt(hDIgIDM..2EAR,input);
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c WM CO OOAAND:

-tm (DOOL)HANDLE..wMCOMMAND(hDI& wP~~a Uparam,

nmP FALSE;

C.33 The Glanert Coeflfiek a dialog box fuactoms.

The Glauert Coefficients dialog boxes also require four functions to handle the

single and multiple component cases. Since the coefficient values and the associated user

input are handled as floating point arrays, the identifiers for the static text controls used to

display the current values of the coefficients and the identifiers for the edit text controls

used to receive the unload fractions are defined sequentially. This allows the controls to

0 be initialized and read using for loops and thereby minimizing the amount of code needed 0

and the size of the executable file.

void WMGlautlDlgCommnand_Handler(HWND bDIg, int id, HWND hwndCtl, UINT codeNotify)

4 char input(201="; //character string for i/o
switch(id)
{
case1DMOKIGLAUERT:{

Iintk //loop countet

//loop through and read all of the Glauert coefficient unload fractions

*wKk-0; k<NGC;k++) (

GetDlgltemText(hDig, IDM_IGLAUERTI4k input, 20);
GC UNLAD RACI011kl - atoinput);

)
)

case 1DMCANCELIGLAUERT: {

o�og. 0);
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BMO CALLBACK _aor G 1mDlgPrcO!WD hDI& UDff meu.M WPARAM w~amm,
LPARAM UWar)

Cher iM1apu2OJ /Icwacs sutrn for i/.
imt k;

cmWK MLOG:

ft",~ k*MNGC+)

SetDWg=Tc~da(bDIIjDMGCI+k~impt);

cue WM-CON04AND:

retur (BOOL)HANDLE _WXCOMMAAID(bDIg, wParm, Ilara
WMGlaueztlDlgCommand Hfandler);

retun FALSE;

void WMGlauezt2lgCammamd Haadler(HWND bDIg. it id, HWND hwnjdCd., UINT codeNotilf,)

char input201- //character sftrn for i/o
swihW~i)

camn IDM OIC2GLAUERT:4

mnt k; iioop counter

I/oop through and fad Al of he Glaucif coeffiient unload fractions for both componnts

ft".-O k<NGC~k++) (4

GeDlgbeaTcxtMbg 1DM) IrjAUE.T1*k. input 20);
OCJJNWOADF-RACIOIfkJ = atoiinput);

GetDlglftmTextOhD& 1DM_2GjLAUEIRTI+k, input 20).
GQ-UNLOADJFRACI I] kJ atolginput);
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0);

c 1DM ALGUT: (

) o0 S<G*+

mOxt. CALBcK aopa Glmeu2DIIPracIWN hDq, UIN nnage• WPARA wParam,
LPARAMd 1Pm.)

Scd~har inm~etbI201- ; ichanctr Wig fo i

(

cas WMICNfDIALOG:

*w~k-0 k<NG•++-){

*qxirinmtip,'%3.4r,GC101[kDJ)D

setDmgltanTcxtt DM_n GC1Hkdinput);

qxitfiapiw,'%..4r',GC[ IlIkD;
ScmtDgtemTcx• _~.D2GC I~k, input);

return TRUE;

* retrn00L)HANDLEWMCOMMANDIIhDIg. warmIParam, S

reurn FALSE;

C.3.4 The PBD Skew/Rake Settings dialog box functions.

The PBD Skew/Rake Settings dialog boxes also require four functions. In this

case, however, the first two functions initialize and retrieve data from the component one I

box and the last two functions initialize and retrieve data from the component two box.

These fluncions, like the Glauert Coefficients functions, make use of the sequential nature

of the data by using for loops and sequentially defined identifiers. They are also coded to I

allow the user to cause the CommandHandler functions to calculate skew and/or rake
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value for intanediate radi by supplying hub and tip skew and/or rake values andI

0 ~checing the appropriate box(es).

void WhM~kwRakelDgC~o~mandHandluI(WND WDIg hit id, HWND hwndCd, UINT codeotfy)

char input(201 -//character string for i/o
H*MbW;/fbandle to a d&Afog

c=DM OKICSKrWRAKE:
int k

I/Aoo through and read Al of the skew and rake inpus hor component #1

brok""0 k<MRPJN[0j*k4+)(

* GeiDlgltemText(hDlg. IDMJISKEW1+k. input, 20);
pbd..skwlklIOl = atotinput);

(3eadlgltemText(hDIg. lDMRAKEI~k,. input, 20);
pbdjakelkfl[O - alol~input);

h~trl - GtDlgltean~hDlg. IDM-LB4EARSKEW 1);
linear skw% fiagjOj - (int) ,BM GETCEK 0, OL);

hbIl - GetDlgltem(hDIg, DM-LINEARRAKElI);
linear rake fAgjoJ 0 (n)ed sahCutr. BM GETCHECK 0, OL); I

If the linear-skew -fla was set by the user action of checking the "Use Linear

Skew" check box, the program uses a for loop to calculate the skew value at each

* ~intennediate radius by interpolating between the hub and tip values.

IN ithe linear skew flag is set hor component A1, calculate a linear skew distribution for component #1

for(k-l*k<MRpnq0J-l*k44)

pbd...kwfkliOl-Ipbd~ukwwl01f0l(pbd_..skwfMRPINJIO-llol-pbd..skwwtOl[lO)

XRFINIOROD;XRPI~lklIOl-XRPINI0JliOD(XRPINjMRINI0J-llOl-
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The ume proces is used for the ruke anting

IAflh. liwwrae ft in s fad for cqmpao #I, ealaal a linear take dietriujon for cwmpoWNu 01

hrfbkdRPINIOI-k*4)1+p~d(MPNO-I(lpdkO11

*(XRPDqkJIOj-XRPINIOJ j0J(XRPINjMRPINJOJI-111OJ-
XRPINIOIIOD;

cue DMU CANCEL lSKEWRAKE:

End~ialog(hDtg. 0);

bruak

BOOL CALLBACK -export SkewRake lDIgProc(HWND hDlg. UINT messag, WPARAM wParam,
LPARAM iWaram)

char inptqw201 //character string for i/o
mst k.,

cae WM DMfDLALO)G:

foror-O; k-MRPIN[jkj++)f

, * -f(input,%5.21',RPIN~kJIOI);
SeiglgteinTextOhOlg,IDMIRADIUSl+k,inpu);

SesDlgtcmText(hDlgJDM1SKEWI+k,input);

qidiput,% .21'pbdrakelkJloJ);
Sea~gltemTexthDlg.IDMkIRAKEI+k~input);

Cbcklguton(hDI& 1DM -LDW-ARSKEWI, (UDNTlioearskewwflagOj);
Chek~lflutk (hDI& IDMJJNiEARRAKEI, (UINT)inearrAkcflagfOD);

return TRUE;

cme WMCOhGLAND:
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.'~(BOoLXL B wMWMcckAND(WhD& whamm U~m
4 WMwkwPakslDWgConmwdamdlu);

MmFALUI

* The proces is the same for the component two finctions.

void W wRw2Wmm _Hmdaigu(HD bDIg. int id, HWND kwo" UINT wd&"fy)

cher Iqiu201 //chaacter grins for ilo

cme UMOSKEWRAJCE:

jut k;

hwqk-0, k4c:MRPqINIJ;k.+) f

GeIDigtmText(hDIg 1MM)SKEWI4t, input, 20);
pbd A=*kJ111 - MAliinput);

GuSD~i&teaTcxt(bDI. MDM 2RAKE1+k, input. 20);

ipb&.rkelkli I] - asai(inpu6);

bctil = eidD4ftem(hD'g. 1DM..L1NAX~SKW2);
linerkw-d fiagjIJ - (int)SeodMeuage(hQrJ, BMGETCHECK, 0, DL);

b~til - GetDWW~tc(hDlg, IDMLIERAE)
Iinear.rakcftuglj itSudlug~~l BMEcEK 0, OL);

pbdOewlkJ(11=pbdukcwI01(IJ+(pbdskcww[WPIN[1J-1f1J1-pbd skew[OlfiJ)

XRP~lIIIJD;*(XRPINIkJ1I-XRPINJIOHJIY(XRPINIM~pINIIJ-11llJ.

he~k-lk4&RPIN(1j-lk++)

pbdjrakelkJ]lJ'mpbd~rae(0Ji 1i+(pbd...rakeIMRINI I1(1-t1-pbd. rakelOlil ')
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*(XRPNokIili-RPIN1OPIY(IXRPIN(IMRPINI1IJ-1li -

cm EMMCANCEL2SKEWRAXE:(

BOOL CALLBACK ...eqpn t SIkcwtake2DlgPauc(HWN hDIg UIN meusp~ WPARAM wPamm 0
LPARAM UWM.)

Char hnww~j2 - //; character string for i/o
int k;

cam WMJNTIlALOG:I

forQku.O k'bMPRPI][*++-)

SeiDlghemToct,&1DM-2RADIUSI+k~inpW);* *
qwda~pa#"Y*.2FrpbdskewwkJI1J);
SetOlgtcmText(hDlgIM_2SKEWI+k~input);

qwd ipK"W2fwpbdmke *j1IJ);
SetDlgftcmTcxt(hDI&1MM2RAKEI+k~input);

Chek~l~uton(hDIg. 1DM4 LINEARSKEW2, (UINI)Inear skew flag(Il):
CheckD gBuntn (hDIg, IDMLNARK2 (UDN1)inear~jakejlag[lfl;

4 return TRUE;

canWM-COtkOAND:

f-tarm (BOOL)HANDLEWMCOMMAAND(hDlg, wParazn, I~aram,
WMSkewRake2DlgComznand~jlandlr);

f-tum FALSE;

C.3.5 The Steepmeu dialog box fmmctioms
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The single and multiple component Steepness dialog boxes also use four fuinctions.

The boxes are used to provide data to the user so that the exponents used to unload

components may be seleced. The data input using these dialog boxes is then used to

calculate values used to initialize the Unload Coefficients dialog boxes.

void WMS1cepIDW-bomanad Handier(HWND hDIg. it Kd HWNID hwndCtL, UNT codeNotilfr)

chat input[201 - / lchwarcer string for i/o

cute 1DM OSUSTrEEP:

GetDlgtemText~hDIg. EDMHUBSTEEPNESSI. input, 20);
hub stcepoess(0J inatoi(mnpu);

GetDlgltemTexWOhI& IDM TIPSTEEPNESS 1, input, 20);
tip steepoesslO) - atoi(inpuC);.

case 1DMCANCEL I STEEP:

EndDialog(hDfg 0); *

BOOL CALLBACK -exprt SteepIDlgProc(HWND hDIg. UINT message. WPARAM wParam,
LPARAM IWaram)

char inputI2OJ ] //character string for i/o
switch(message)

cowe WMIUDMLALOG':

sprilifinput,*%5.4ft,hub-circlOl);
SetDlglteanTet(hDIgJDM-HUBCIRCI,input);

SetDlglTvcmet(hDIgJDM-HUBRADIJUS1,input);

SetDlgltemText(hDI&IDM-TIPCICI,input);

* ~SetDlgltemText(hDIgJDM-TIPADIUSI,input),

return TRUE;
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cams WMSCX*OIAND:

return (BOOL)HANI)LEWM.COMMAND(hDlg. wParam, IWaamm,

retur FALSE;

void WMSieep2DgComnmandHandler(HWND Mgl& it id. HWND hwudCtL, U1N codeNody)

char inpult2OJ - character string for i/o

casn IDM OK2STEEP:

CetDlgltmText(hDjg. 1DM HUBSTEEPNESS 1, input, 20);
hubksteepneWs01 - "to(input);

GetDlglternText(hDlg. 1DM -THPSMEPNESS1, input, 20);
tip..steepneoesI = atOinput);

GeiDlgltcmText(hDlg. 1DM -HUBSTEEPNESS2, input. 20);
hub steepness[ I] atoi(input);

GetDlgltcmText(hDIg& 1DM TIPSTEEPNESS2, input, 20); 0
tip-steepnessjl I atoi(input);

case 1DM CANCEL2STEEP: Or

EndDialog(bDig, 0);

BOOL cALLBAcK -export Steep2flgProc(HWND hDIg. UINT messageWPARAM wPamm,
LPARAM iWaran)

char inputq2OJ- I/character string for i/o

can WM DRIALOG:

sprndt(input,%SJ.4r",hub-circ[0J);
SetDigItemTcxtMhDI1DMHUBCIRCI,input);

spdnnt(input,%3*.4r hub-radiusfol);
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SeiDlgotemTcxt(hDIgIDM-HUBRADIUSI,input);

SetDlgtcrTcxt(hDlg.IDM-TUIPCIR,inpu);

spintfinput,%5.4f',tip~radiustO1);
SetD~gtcanTextOD1&1DM..TIRADIUS1,inpu);

sprinlfinput,"%5.4t",hubcrcjID);
SetDl~temTextoDIg.IDM.*HUBCIRC2,inpu);

spdnt,%ut*s.4f,h*_radiusl~j);
SetDlgltemText(hDI&1MMHUBRADIUS2,input);

SecDlgtemText(hDlgIDMTI1PCJtC2,input);

SetDlglternText(hDIgIDM TIPRADIUS2,input);

return TRUE;

case WM-COMMAAND:

return (BOOL)HANDLEWMCOMMAND(hDIg. wParam. iflaramn,
WMSteep2DlgCornmand Handler); *

return FALSE;

C.3.6 The Unload Coefficients dialog box functions.

The four fujnctions that initialize and retrieve data from the Unload Coefficients

dialog boxes are shown below.

void WMCoefficientlDlgCormananddler(HWND hDlg, int id, HWND hwndCtl, UINT codeNotify)

char input[201 / /character string for i/o
"switch(id)

can 1DM OKICOEFFICEENT:(

GeIDigtemTvxt(bDIg. IDM HUBCOEFFICIENTI, input. 20);
hIncoefficientlol -atofinput);

GetDlgltemTcxt(hDIg. 1DM TUICOEFFICEENT1, input, 20);
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tip..cod~efiact~uI - atodinput);

cme DMU CANCEL ICOEFFICIENT:

EadDialog(hDft 0);

break

BOOL CALLBACK e-port CoeffiientlDlgProcOPAND MDg. MIT message, WPARAM wParam,
LPARAM UWar)

char iWW[t201 = ; llcharacter string for i/o

case WM IIDIDALOG:

sphintf(input,"*/4.3f".GNHCIOI);
SetDiglteznTcx(hDIg.1DM-HUBUNLOADPERCENTI,izxput);

sprintf(input,"5W.3f",GNTC101); *
SetDlgltemTcxt(hD1&IDM-TIUNLOADPERCENTI,input);

return TRUE;

case WM COMMAND: I

return (OIOL)HANDLE_WMý_COMMAND(hDlg. wParam, IWaram.
WMCoefficicnt1Dlg~omman4 Handler);

return FALSE;

void WMCodkeficnt2DlgComniandHandler(HWND W~ig, int id, HWND bwndCtl, UINT codeNotify)

char iwptf201f fo; //character string for i/o
switcbid)

cafe EDM OK2COEFFICIENT:{

OestDIgItemTet(hDtg, IDM HUBCOEFFICIENTI, input, 20);
hub coefcicat(0J - atomninput;

GetDlghtcnTeocoDig, IDM_ 1ICEFCET, input, 20);
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GedIDgftcmText(hWtg 1DM HUBCOEFFICIEUf, input, 20);

GeDglgftmTcxt(hD& 1DMTI PCOEFFICUEMfl input. 20);
tipcoeftmcienI(IJ - atinpixp)

can DM6 CANCEL2COEFFICEENT:

Ead~iafoglh& 0);

BOOL CALLBACK exp~oa Coefficient2Dlerc(HWN hDl&, UINT message, WPARAM wParam,
LPARAM ft=ra)

char inputl201 - Icharacter string for i/o

switwiempa)

caeWMIfDMIALO)G:

VpfntfiDlput,*%4.3f".GNHCI0J); *
SetDlg~temTextqhIlIDM-HUBUNLOADPERCENTI~input);

Sprind(input,**M.3f",GNTC 101);
SeaDgIgtTem~xt(bDI&JIDM-TIPUNLOADPERCENTI,input);

Spdind(uiput,*%A.3f",GNHC(IJ);
SetDig cemTcxodi&gIDMHUJBUNLOADPERCENT2,input);

sprind(input,"%A.3t',GNTCjII);
SctDigltemText~Dlg,IDMTIUNLOADPERCENT2,input);

return TRUE;

caw WM-ONDAND:

return (DOL)ANDLE WMCOMMAND(h1DjS. wParam, Iarmn.
WMCOefficient2DlgComnwmndjlnder);,

return FALSE;

C.3.7 The Default Settings dialog box functions.
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The four functions that initialize and retrieve data from the Default Settings dialog

boxes are shown below.

void WMADcbullSettinp tgComnnmn&.Hamdkef(HWND hDIg, int id, HWND hwndCtl.
7T codeNotiIf')

char inpsatl2ý f/character string for ito

cun 1DM OKD)EFAULTISETIINGS:

HWND hatil;

GeiDlgltcmTcxt4hIg. IIDMSCLMAX, input. 20);
CLMAX - atoiginput);

(3etDlglteMTcxt(hDlg, IIDMJCHDMAX, input, 20);
TCHDMAX - stoEinput);

GetDlgltcmText(hDlg. 1DMTriP, input, 20);
TriP = atofinput);

GetDlgtemTexi(hDlg. 1IDM NPANEL, input
NPANEL - atoi(input);

GetDlgltemTezt(hDlg, 1IDMCDCON, input, 20); 0
CDCON - atoiinput);

GetDlgltemText(hDlg. 1IDM RHVOR, input, 20);
RHVOR -atofinput);

UeIDlgltcrnTex(hDi&, 1DM HUBCHORDI, input, 20);
HUBCHD0J] = atofinput);

GeaDlghernTwqxt&hDI.1DMPLI, input, 20);
PLI - alciinput);

h~trl - GesDlgltem(hDlg, IDM)VKAJNMNFA)
mwmakeaigmnent flag -(int)SendMessgeqhUr, BMGETCEK 0, OL);

h~tr! - GetDlgltaODIg, 1DMCIC7TA)
dcizuIaioikopdimiradoniag - (int)endMessage~htri. BM GETCHECK 0, OL);

hail - GetDlIte~mOhMl 1MMHICOTLA)
chor4_cpuimlzaboujlg - (int)Sn esaehrl BM-GETCEK 0, OL);

b~til - GetDlgItm(hDl, IDM EMPIRICALVCDFLAG);
emmpidic.Icdjlag -(int)Sedesg~~l BMGETCHECK, 0, OL);
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can IDM CANCEDEFAULTISETFINGS:

))

DOOL CALLBACK _vcxpdu Defaultl~tinpOlgProc(HWD hDI& UINT message, WPARAM wPaamM
LPARAM Warn.)

char iapv4201~ I/character string for i/o
-aall

can WM I14MLA-G:

sPuintf(input,*%SM',a2AMAX);
SeiDglgitmText(bDgJDM)NCLMAX~inpu);

spintf(input,*%5.4r",TCHDMAX);
SetDlgltTcznex(hDIgJDMJCHDMAXinput);

SclDigtemText(hDlgJDM-TFP,inpu*)

Setn tT ex~D&DH M _NPANEL~input); ,

spintf(input,%S.4f'.CDCON);
SetDgIgtemTcxt(hDI&I.JDMCDCON,inpu);

sprintf(input,%S4"MRHOR);
Set~stmTvx(hDIgIDM..RHVOR~input);

spridnut,%5M',HUDOHD(D;
Sem~tTcxt(bDI&DM..HUBCHORDI,input);

Sed~gltmTcxt(hDI&JDM PLIinput);

~heckD~g(uXo (hIg.DM - AKBALIGNMENTFLAG, (URNh~c.alW ignmeWzjiug;

chS*DID~fOS(hDI& IMaSHORDCOI'FFLAO, (UNT)cbord..optimiz~iatojg;
cbek~g~uon(hDI& DM APIRICALVCDFLAG. (UIN1)cmpiricalycdflag;
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return FALSP,

void WNU~ehutSettinpDlgCoinui,and andlu(HWND hDILg int Id HWND hwndCtl, UMN

dotr input[20j - lcbaracter string for i/o
swila~d)

c1DM OXcDEAULT2SE7Tfl4GS:

HWND bheld;

GelWlgtwmTevcMhLg DMMCLMAX~, input, 20);
CLMAX - &ialiiput);

GelDlglt=aTct(hDILg IDM TCHDMAX, input, 20);
TCHDMAX -asof~input);

GelDlg~leMText(hDILg 1DM -TPinput, 20);
1-np - atloinput);

GClOWglteText(bDILg 1DM NPANEL, input, 20);
NPANEL - "to(input)-,

GeIDlglternlTet(hDIg 1DMCDCON, input. 20);
CDCON = alofinpu);

GelDlgltemTex(hDIL 1DM RHVOR, input, 20);
RHYOR - atof(input);

GelDlgltemText(hDIL 1DMPUBCHORDI, input, 20);
HUBCHD(OJ - alcEginput); S

Uel~g~temTexWlgh. 1IDM HUBCHORD2, input. 20);
HUBCHD(1J = atof~inpu);

GetDlgltemTexgtlhDII DM_ PI, input, 20);
PL - &Wm(iput);

GetDlg~lernTevDWLg 1DMPL2, input, 20);
PL2 - salo(input);

henr - G~Melmge(hDl& 1IDM WAJCEALIGNMENTFLAG);
Wake-uignMMeitflg - (int~dc89X BMGETCHECK, 0. OL);

hCtrl - dgelkoglenhDl& 1DM CIRCOPTFLAG);
cirultin adiizuioi la -(int)Sw&edMsage~bkvl, BMGETCHECY, 0, oL),

hail GelDlgltcm(hDIg, 1DM CHOROCOPTPLAG);,
"cdoltimizaaonfl - (iwt)endfuAcwWhCWn, BMGErCHECK, 0, OL);

hCbi GetOlg9ernOh~g, 1DMEkMPRCALVCDFLAG);
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ow.
e -riaIWlg- (iBSedegehtrDGETCHE(XC 0, OL);

b~tiw M e~gtabt.1M- COR!G);

cegaclomzuio lag- intSed~eqe B Kui D GErO{EMC 0, OL);

If the contraction~ratio flag is not set, then the contraction ratio is set to the value

entered by the usrn. Otherwise, the defkult value is used.

GesDlgltmrTcx(hDlg, IDMCONRAT, input, 20);
CONRAT - satcdinput);

casw IDM-CANCELDEFAULT7SETTINGS:{

EndDialog(hDlg. 0);

BOOL CALLBAOC _vpon Default2ScttingsDlgProc0HWND hDJg. UIWF mesaqge, WPARAM wParamn,
LPARAM I'aram)

char inputj20J ow*; //character string for i/o
slbltch(nmssage)

case WMN1DMIALOG:

sprngfinW.%41r,CLMAX);
SctD1gttTex(hDIg1DMcLMAX~input);

qirngfinW .%4rTdHDMAX);

t~input,%_ f¶TrIP)

SetDlgJtemTcxt0DIgIDM TFIPinput);

qwiif~inW,% NPANEL);
SetDiglteaTcxtODlgIDMNPANEL~inpw);

qwitf~npu,%5r,CDCON);
Seslg~an~xtI&lIDKCDCON,inWu);

qwintf(input,%.4trHVOR);
SedlglteznTcxt(hDlIgDMRHVOR,input);
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qimn pivK"M.4fUBCHDlO01;
SeDlgftmText(hDIgIDM-HUBCHORD1,input);

SeIDIg~mTcxtqhI&IDM-HUBCHORD2,inpu);

spuivtfinput,%5.4r,PLI);
SeID~tgemTvx~DMI&IDMPL1In~pu);

SeDlgteaText(hI&IDM..PU2input);

VqirfindipuiK %3.4t.CONRAT);
SctDIm~tTet(hDlg.IDMCt4RAT,input);

ChckIgButtoo (hDI& 1DMWAKEALIGNMENTFAG, (UlN~hakeAignmen~flag);
ChcckDlgButjon (hDig, 1DM CIRCOkFFLAG, (UINT)crculation~optimizationjflag);
Ch=Wklg~uU=o (hDIg, IDM CHORDCOTFLAG, (LJNT)chord optfimization flag);
CheckDlgButtoa (hDl& 1DMEMPJRICALVCDFLAG. (Uef~mpircaI~vcdjl~ag);
checkmogutton (mDg, 1DM CONRATFLAG, (UINT)contractionratio-flag);

retmr TRUE;

cas WM CON8dAND:

return (BOOL)HANDLEWMCON0ANDOhDIg. wParam. W~aram,
WMDefault2SettngsDlgCommrandHandler);

return FALSE;

CAS. The Duct Settings dialog box functions.

The Duct Settings dialog box is handled by the

WMiDuctSettingsDlgCommandHandler and the DuctSettingsDlgProc functions shown

beilow. No new concepts are used in these furnctions.

void WNG~uct~ettingsDlgCommandHandler(HWN hDlg. it id, HWND hwndCtl, UINT codeNotif)

char inpwtp0j - a"; I/character string for i/o

case 1DM OICDUCTSETTINGS:

HWND h~ri;

hCtrl - (3etDlgltem(hDIg. EDM-DUCTIMEANLDIEFLAG);
dutodmeanfine-fiag - (ntSendMessage~htri, BMGETCHECK 0, OL);
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b~tl - CleDlgltcM(bDlg. 1DM DUCTRING VORTFORCESFLAG);0
&,at nn4L~ cX forcesflag W itSnMeuug(hCtrl. BMGETCHECK 0. OL);

hCtrl -GetDlgltem(hDlg. IDMDUCTFORCESFLAG);
duc frcs fag- intSed~uag~bdBM_GETCHECK 0. OL); (.

b~il GetDlgtcsm(hDl& 1DM_ESflMATIEDUCTCIRCULATION);
estimate duct circulaticsk fiag . (in)cd m~Ctrl, BMGETCHE M. 0, OL);

GetDlgtemText(hWl 1DM_GAFFAC, input, 20);
GAFFAC - atl~input);

GetWgltmText(bW& IDM)PROPDUCFTHUSTRATIO. input, 20);
propcfler dctthing rafio - atolinput).

GeIDlgltemText(hDl& 1DM DUCTCIRCU)LATJON, input. 20);
estimated duct circulation -atof~input);

cane 1DM CANCELDUCTSET11NGE (

EndDialog(bDlg. 0),

BOOL CALLBACK -export DuctSettingsDlgProc(HWND hDjg, UINT messge. WpARAM wparaM,
LPARAM IWaram)

char inputq2OJ n; I/character string for i/o
switch(niessage)

can WM DLMALOG:

sRwintf(input,*%4.3f"GAPFAC);
SetDlgltemText(hDlg,1DM_GAPFAC input);

CheckDlgbutton(hDIgIDM DCMALNFAG,(U1NT)duct_mean_linc flag);

ChukDlgBuftIOOlDIg.DMDUCTIINGVORTFORCESFLAG,
(U~)duct~ngyvorteoxorces flag),

ChvckDlgButton (hDlg.IDM DUCrFORCESFLAG,(UIM1)dct kforces flag);

CbeckDlgButton(hDl&IDMESTIMATEDUCTCIRCULATION,

spdrinfinput,%3.2r".propeilcr _dut qthrulst ratio);
SetDlgltemText*D1gDMMOPDUCr1HjUSTRATIO,input);

qxintf~nput,*%7.6fr,estimated_dcti_cirulation);
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SdDWM=TcdOhDI&MDUM RULTO input);

cm WM-CC604AND:(

reus MOLADLXCOwDAAD(hD~g w~arau Warar

WWM~ucSettiqVDlgComrnandHandler);

reurnI FALSE,

C-3.9 Tl.e PnD Settings dialog box functions.

The next two finctions support the PBD Settings dialog box.

void WMP9DSetting~lgCoimanandndlcer(HWND hDIg. Wt id, HWND hwndCtl, UINT codcNoti1)

char inputW81I;• /character sing for i/o
switch(id)

()

case 1DM OICPBDSETrINGS:

HWND hctr; *

GetDlgltemTcxt(bDIg. IDMPDUT~a input, 891);
spafWintipdumnite, input);

GetDlgliemTe~DO~g, IDMPDUPrO input, 9);
WInpritfpbd_"Wputroot input); *

The PBD Settings makes use of auto-radio buttons in receiving input regarding the

blade grid spacing, the component for which to write files, the run mode, and the plot

mode. Unlike previous cases, the effect of the input is not to cause a flag to be set or

cleared. In these cas the choice of a particular selection causes a variable to have a

specific value. This requires the use of the if statement to determine the state of the

buttons and assign the values of the variables. 0

"cse - GIDttemnDt IDMUIFOM),
if(Sa~sm~~t BM GTH-K 0, OL)) ISPN -0;

b~-GetD iglt=me(hDI& IDMCOSRNE,;
if(ed mghrl BMGECE_ 0, OL)) ISPN = 1;

tDIlt GeTDIgIIe(hDig IDMHALFCOSOit9
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if(Sa~a~~i BM GETfIBCE 0, OL)) ISPN -2;

h~~rt -GeDgtmbIa1DMNACAOSCIRQ
MLTP!-int - 't2BM-GETCHECY, 0,OL);

h~tr- GotDslftem(hDig. DMMyBDCOMP1);
if (edumehuBMGErCHEOC, 0, OL)) pbd~componet - 0;

h~ut - GeSDlgftemMhIg IDM -PBDCOMP2);
if(edesghrf Bm GTIEC 0, OL)) pbd component - 1;

b~trl - GotDlgltuu(bDlg. MbDMJMOEI);
ff(Sedeaehtl Dm-GT1~K 0, OL)) %MDE - 1;

b~tl - GetDlgJtcz(hDI& IDMJMD"E2);
if (Scdc g~~r, BKGETCIIECK 0. OL)) EMODE - 2;

b~tl - GetDlgltemMbIlg 1DM_JMODE3);
if(Sa~sg~~I BMGETCHEMC 0. OL)) IMODE -3;

b~trl - Get~gltcni(hMg. IDM NPLOT 1);
if (Sed sac ~r, BM-GitCHECK, 0, OL)) NPLOT = 1;

b~tl - GetDgIgtem(bDI& IDMJ4PLOT2);
if (Send4masgO~Ctnl, BM-GETCEK 0, OL)) NPLOT -2;

h~td - Getfgtemn(hDtIg DMNPLOT3); * *
if (Seadh~cssage(hCtnl, BM.GETCHECK 0, OL)) NPLOT -3;

hCtrl - GetDlgltcm(hDlg, 1DM_NPLOT4);
if (Sendcmsage(hCtri, BM GTHEK 0, OL)) NPLOT =4;

GetDlgltemText(hDlg, 1DM NKEY, input. 20);
NKEY -atoi~input);

GetDlgltemText(bDlg, 1DKM MKEY, input, 20);
MKCEY -atoi(input);

GetDlgltemTcxt(bDl& IDM J4TERipu,2)
NrFER - atoi(input); inu,2)

GetDlglternTet(hDlg. IDKRADWGT, input, 20);
RADWOT - atoi~input);

GetDlglt=aTcxt(hDl& EDKUFMX input, 20);
NUFVX = atoi(input);

Ge~tDIg~ltmTcxtODI& EDM CDRAG, input, 20);
CDRAG - sAt4input);

GelDlglteMTcxt(bDl&. WDMULT, input, 20);
XULT - atolginput);

GetDlgltcmTcxt I&hDM_,XFINAL, input, 20);
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XFINAL -Mad~InpW);

UssDW"heTcxiODg EDMDTPROP. input 20);

DTPRO - atf~iqpm).

cme 1M CANKELPBDEFFINGS:4

EadDiaog(hD~g. 0);

BOOL CALLBACK _export PflDSeflingsDlg~oc(WND hDtg. UMN message, WpARAJII wparam,
LPARAM IWaram)

char input(82] / ; /character string for i/o
switcb(message)

case W IIDMIALOO:

The way in which auto-radio buttons are use in these two fuznctions complicates

the initialization of the dialog box as well. Switches are used to cause the appropriate0

buttons to be checked.

switch (ISPN)

case 0:4
ChecktadioButton (hDlgIDMUNIORMIDM_HALFCOSINE,ID)MUNOR)
break;)

cast N
Ched-mio~utton (hDI&1D)MMWOR IDM _HAIJ FOSINEIDMCOSINE);

cast 2:(
CleckRadkutou

(hDlgI&DMJJN1FOWMIDMHALFCOSINE,IDM_HALFCOSINE;
break;
I

switch (IMDE)

case I:(
CheckRadidButton (hDIg, 1IDMEMODEI, 1DM IMODE3, 1DMIMODE I);

case 2:1
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bra*)
case3:(
ahockRadioutto (hDl. IDM MD"El. 1DMIMODE3, 1DMIMODE3);
brook;)

switch (pbd~component)

Cbek~diou~on(bDl& 1DM PBDCOMP1, IDM PBDCOMP2, 1DM PBDCOMP ),
break;)
case l:(

cbek~diouton(bDI& 1DM PBDCOMP1. 1DM PBDCOMP2, 1DMPBDCOMP2);
break;)-

i1fMLTYPE) ChedcDlgButtoni (hDlg, 1DM -BROCKETrOS, (UDIN));
else Checdl)gButton (hDlg. 1DMjNACAO8CIRC, (UTINT)l1);

switch (NPLOT)
I
case 1:(
ChockitadioButton (hDIg, 1DM NPLOT I, 1DMNPLOT4, IDMNPLOT I);
break;)
case 2:( E
CheckltadioButton (hDig, 1DMNPLOTI, 1DMNPLOT4, 1DMNPLOT2);
break;)
case 3:(
ChedktadfioButton (hDlg, 1DM NPLOT 1, 1DMNPLOT4. 1DM NPLOT3);
break;)
case4:
ChecktadioButton (hDl& 1DMNPLOT I, 1DMNPLOT4, UDMNPLOT4);
break;)

if(strlen(pbduMntitle)>2) srnd~input,*Vd.m,pbdnznitrIe);
else spnnt~f(Wnut,%suRUN .ID);
SetDlgltemTexAhI&gDMPBRN T.Einput);

sprintf~iputa,V~Pbd-opu-reoo);
SetDlgltemTexvDlgI&DMPBOU'ROTinput);

SetDlgltemTexr*DlgIDMNKEY~input);

SetDtgltemTexr(hDlgIDMMKEY~input);

spmnttinpu,%d",NMME);
SetDlglt=zText(hDlg,]DMNlTE,inp*t)
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SedDlgltcmTextoDIg.IDMRADWGiT~input);I

Se DWig TwohDIgIDKNUF1Xinput);

spdnd~input,%3.4r,CDRAG);
SetD4itmTcxt(hDI&IDMCDRAG.input);

SmT~i~emid(hD&gI1DMXULT,inpu);

qxunUinputkS.4Ir,XMIAL);
SetDlghrnText(bD1&IDMXFINAL~input);

sprind~input,%4.3f",DTPROP);
SetDlgltemTcxt(hDIgIDMDTPROP~input);

Meumn TRUE;

4 case WM COMMAAND:

retur (BOOL)HANDLE_WM__COMMAAND(hDIg. wP=Mm Ifram,
VWMBDSettingsDlgCommuandHandler);

retumn FALSE; *

C.3.10 The Project Settings dialog box functions.

I The next four functions support the single and multiple component Project

Settings dialog boxes. No new concepts are employed in these functions.

void WMProjectlDlgComniman_Handler(HWND bDIg, lot id, HWND hwndCtl, UINT codeNolif)

4char input[21J = ;Ichanicter string for i/o

switch(id)

cae EDM OKPROJECT1 :

4HWND h~trI;

GetDlglternText(bg, IDMRUNJD, input, 2 1);
dnMIOUIRUND. inpu);

GetDlghtemTort(hMg, 1IDM_WNUTFILE, input. 20);
4 sprindUINPUTFILE, input);

GetDlgltemTexvD"Ig. 1DMRPM 1, input, 20);
RPM(OJ atolinmput);
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WWl GetDlg0tanODI& 1DM EFFECFIVE WAKEFLAG);
elfctive-wake - ('C Im 0MGTH ,. OL);

GesD~gtemText(hDI& IDM ThRUSESTIMATE, input, 20);

b~til - GetDIgIftm(hDIg. EDMJUNLPRTOFA) 
-* tunnd opw-eration-flag -(int)Sed WssgebKl BMGETCHEO 0, OL);

GetDlgtemText(hDI& 1IDM PORN hUSATO, input, 20);
propeilerpngjbrustjatio atoiinput);

cawe 1DMCANCELPROJECr1i

EndDialg(bDlg. 0);

BOOL CALLBACK -export ProjecilDlgProc(HWND hD~g, UINT message, WPARAM wPammn,
LPARAM IWaram)

achar input(2 1j- //character string for i/o0
switchkmessage)

cawe WMAU4MALOG:

spr~indmput,.*5WPROJECJFIE);
SetDlgltemTexoDMIg,IDM-PROJECTFILE,input);

sprd nut,%gU*RUN1D),
SetDlgltemTextODIg&1DM RUN ID,input);

-: SetDlglteinTet(bDlg,IDM-JNPUTFELE,input);

SetDlgltemTextODIg.IDMRPMI~input);.

Sc1DMStaThRUI&IrETHRdAESMTh~input);

-hadDISBun=CeHXl,1MEFPECflEWAKEFLAG,(BU1)drffectý_wakeflaj);
Cbecdl)gBuuoa(hDl, TIDM1JNLPRA1NLG,(UIN~TunneL operation flag);

* t In~eThdMhDI1M)kROPRINGfl1RUSTRATIO,input);

fWDTRUE;
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come WM COMMAND:{

return (DOOL)HANDLE WMCObQAND(bDlg. wParank, lPaamw4
WMPwijectlDWg-omnmad Hndler);

return FALSE;

void wmproject2DlgCmamnndHandlr(WND hDl&, it id, HWND hwadCtL, UINT codeNotify)

char input[21)- ficharacter string for i/o
switch(id)

cane 1DM OKPROJECI2:

GetDlgltemText(hDl& 1IDKRUNJD, input, 21);
sprintf(RUNJID, input);

GetDlgltemTet(hWl& 1]DM INUFLinput. 20);
spdndINPUTFUE, input);

GetDlglteznTet(hDlg. IDMRPM1, input, 20); *
RPMIOI = atci(input);

GetDlgltemText(hWlg, 1IDM RPM2, input, 20);
RPMIJ11 = atol~innput);

bOil - CRADlgltem"hIg, IIDMEFFECrIVWAKEFLAU).
4 effective -wake -flag - (int)Sn esaehtl BMAETHEK 0, OL);

(3etlgitemTextohlg, 1IDM JHRUSTESTNMATE input, 20);
thrust estimate - alokiinPut);

h~tul - GetDlgItem(hDlg. IIDMTUNLPRTOFA)
* tu~~~lnnel operation flag = (int)Sn esaehtl BMGETCHECK 0. OL);

OetDtgltemTexvDWIg, IDKTORQUERATIO, input, 20);
terqueatio - Stoiinput);

h~td - GeDM&glotmblg IDM.CIRCOPTWAKEALGNFLAG);
* ~ ~ ~ ~ icu-j tjimbcoalpmeuft fa - 0110edesae~~l DM_ MECEK 0, OL);

hail - CotD~ftem(hDlg, 1DMUSMNADAPN)
eimftc..dampingjlog -(int)Sed ssXeh .d BMGMUCECK 0, OL);

GetDlgllenText(hWg, 1DM- M ALU AMPING, input. 20);
damping - acdinput);

304



cmn MDM CANCEIPOJECT2:

1o);

DOOL CALLDACK -expout Ptjot2 gr*IN WM& Urf mspW PAAMw,
LPARAM Ularm.)

char input21I-1 //dwaacter string for i/b

cain WM DINIhLLOG:

spriad~npt*%,*,PROJECTFIEM;
SetDlgltemTcxt(bDIg&IDM-PROJECTFILE~input);

Sed~gIlemTe~d(bDt&JDM RUNID,input);

spwvipu~',UPUTFLE);
SetDlgltcmTcxt"bIg.IDMINPUFILEinput); *

SetDlgltcmTcxO~DI&DMKRPMIinput);

SetDlgh=Tcxt~hDIgDM3RPM2,inpu);

ScDigltmTc~D"IgIDM-IhRUSTESTIMATE,input);

la ckDIgBunoe(hDIS&DMEFFECflVEWAKEFLAG.(UIN1)effectiwwakflag;
chckll~utohDl&DIM..1NPRflNLG(INunl.opcrationjlag);

--eckDgButto(WDIg&lDM-CIROPTWAKEALGNWI AG,
(UR~irc-OPUWakeaisomeitng;

cekD~g~utoooMhDt~M.USEMANUALDAMPING,(UIn')esimatefdamping~flag);

SeID~gftcTaceD"IgIDMMANUALWAMPINGilnput);

mpral~iapw,%3.2t,lorqtw ado).
SsdW~.T=*&DM TORQUERATIO~input);

reatua TRUE,
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returm (BOOL)HANDLE.YM.COMMANDOhDIg. w~aramn Iparam%

ominm FALSE;

CA3.1 The ABS Rules Strength Settlings dialog box functions.

The WMABSDlgConunandjlandle and ABSDigProc furnctions shown below

initialize and retrieve data from the ABS Rules Strength Settings dialog box.

void WMABSDlgCommandFhadler(HWND hDlg, mid, HWND hwndCtl, UINT codeNotify) 9

char input[201 f¶i/character string for i/o
slbitch(Hi)

case 1DM OKABSRULES:4

HWND hCtd;

h~trl - GultlgftemOhDl& IDMFIXDPffCH);
propellerW~ tyefag = ( .nt)Send1essage(hCtrl, BMGETCHECY., 0, OL);

"h~ - GetDlgltem(hDlg, IDMMNBRZ); 0
if(Sedeaehtl BM GETCHECK 0, OL))

propellemateralW - manganmbmirnze;

bhil GetDlgftem(hDlg. MDM 4MBR)
if(Sa~ug~~l BMGE- EK 0. OL)) S

propeller mazerial = nidceLjnanganmsebronze;

b~tIl GeIDlgltem(hDlg, 1MMNIALBRZ);
if(Sn~ug~~l BMGTHEK 0. OL))

propellermateria = nicke l.. im .bronz

hatil -GoDlgltern(hDlg. MDM)N ALR) Sif (Sdesehtl BM GTHC,0, OL))
propellermateral manpamse~nkeLaluminun m abonw

b~il - GetDlgltem(hDlg. IDMCSRO)
if(ed mebrl BM GETICHEOC, 0, OL))

propellerjnaterial - cRauimo;

bWi - Getilghtem(bIlg. IIDMUSEREFMMEMATERIAL);
if (SsdeuphrBM GTH C 0, OL))

propellerjmuierial =v-we..defiu&mateial

GeDlgltemText(hDlg, IDM HUBRAKE inpuI 20);

306



GoWt=lhText(hD~g. 1MTIPRAKE input, 20);
raw,(1I - Matoinout);

GWDWU=eTwd(bWlg 1DMUSERDEFINDGUXS input, 20);
nmefaww cotant(IuerdeflnedjnmatialllOI - atoIinput);

GetD~gtemTexKIghI IMOUSERDEFINESW. input. 20);
*airaL~mantwer~e~ae..naaciai~jJ -atciinput);

camt DMM CANCELABSKULES:

Eaffialcg(bDIg 0);

BOOL CALLBACK _export ABSDIgProc(HWND bDIg, UINT umesage,
WPARAM wParam, LPARAM Warm)

char inputf2oj -"0; //character string for i/o

swiwchmessage)

cnWMNITDIALOG:( 0

sprintf(input,'%4.3W,rake1Oj);
SetDlgtcmText(hDlg.1DM-HUBRAKE,input);

spdntf~input,%4.3r-,rke(Ij);
SetDlgetmText(hDIg&IDMTIPRAKE~input);

qxfintfinput,%4. lf',maftrialconswtantpropeilcr niateriali 101);
SctDlgltCMText(hDlg,IDMUSREFIN EDUTS,input);

qWintf(input,%4.lir, mal...onstantfpopeflrmnaterial)j 1J);
SctDisItelnText(hDIg.DMUSERDEFtNEDSW,input);

switch (pmpemaermueria)

came nananeueb*one:(
bOio(hD1SDM bINBRZ1DM USERDEFMMEMATERIAJL

1DMjMNRZ);

fid~nM gj"_MBR7.1DMU JSERDEF1NEDMATERIAi
1IDMNDMNBRZ);

bm*)

1IDMNILR)
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~~ t)I.H4_NDtZ.1DMVSERDEFINE MATERIAL. S
1DMMNNLALBRZ)-

break)

-- DRMM MNBRZIDMMUSERDEFMMEMATERAIA,
DMUCAS71RON);,

break;)

RdInOBO&EDMNBR7DM-USERDEFD4EDMATEJALI
IDMUSERDEFINEMATERIAL);

break)

sWitch (popefler type flg)

can 1:(
Checad&id~unon (hDlg. IDMJJXEParC 1DM coNTRoLLABLEprrcH.

13DM FXDIC)
break )

Chek~aio~tton (hDlg. 1IDMFIEP1TCH, IDM CONTROLLABLEPrrCK
1IDMCONTROLLABLEPfTCH);

bra

return TRUE;

cas WMC0WdAAND:

return (BOOL)HANDLE..WM..COMMAND(hDIg, wharam, IWaramn,
WMABSDlgCbimnand Hander);

return FALSE;

C.3.12 The PBD Plot Geometry dialog box functions.

The PBD Plot Geometry dialog box is the only dialog box in PLL that is not called

by a miain menui selecton either directly or indirctl. it is called by double clicking the

right miouse button on a PBD plot in the Plot Viewer window.

void WMFBPRYDlgComnhand-Handler(HWN hDlg, int id, HwND hwndctl, umN codeNotify)

clmr inputl20l - lchaacter string for i/o
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ease DMMOKPU)WY: 4

The pitch, roll, and yaw angles are stored in mnwooy in the units of radians, but are

displayed on the sceen and input by the user in the units of degrees. The conversion is

done in the assignment statements in the CommandHandler function and in the sprintf

finctions in the Digfroc fuinction.

UutDWglmText(WX&g 1DM,_PBDfFCH input, 20);
P" - Pralw(inPsiYlSO4,

GeWtD=~eTex*Dlg. 1DM PB)ROLL, input, 20);
rVon - PloaoirlOPsgYlSO.0.

(lefthlemTexO~DIg, IDM_-PBDYAW, input 20);
yaw - PP~xIqiaputyISO.0;,

OetDXlglteTexi(bDIg, IDM -PBDSCAME input 20);
ucalejacaor - aghoinp);

case DMU CANCELPBDPRY:

Ead~ialg(bDlg. 0);

break;

DOOL CALLBACK .ePo BDFRYDIgPm~c(HWND bDIg, UIAN message, WPARAM wParam,
LPAILAM IUaam)

cha imput(201 - ; lcbracter string for i/o

cm WM-DMIALO)G:

SetEMg~temText*bDg.1M BPSMTOLnpwt);

dtglthemTwd(hDM&MMBDROLL~jnp*t;

sdutfinput,%4. lr~yawlo 18.0/;
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SWs)WftmTex~DWg.IDM-y9DYAW,WipPA);

WSgIgmTcx~DW&IDMP9DSCALE~input);

ftutU TRUE;

cue WM-COMMAND:{

rdur (DOOL)HANDLEWM-COMMAND(hDg. wParam, Iarami,
WMPBDPRYDIgCommandHandler);,

return FALSE;

C.3.13 The Optimization Data dialog box functions.

The Optimization Data dialog box is handled by the two functions shown below.

void Wyr IGM £IV ATIONDIgCommand Handler(HWND Wig, int id, HWND hwndCtl, UINT

char input[20J H ;/character string for i/o

case EDM OKOPTDATA:(

HWND hCtrl;

Ifthere is only one component in the project, the opt,_comp flag is set to one

regardless of the user input. Otherwise, the flag is set in the usual manner.

iI(LDEV )aPt..comp -1;

b~tIl Gc(DlgItem(bDlg, 1DM -OPT1COMP);
if(Sa~sa~~l BM GETCHFcK 0. 0L))

opt-cMV 1;

b~til -Getftlgtemnh"l DMOPFrCOMP2);
if(Seadmeuae 2;d EM GETCHIECK, 0, OL))
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GiDWW~smTexIoDlg. 1M&.OI2WEQTRUST. inpKt 20);

GdteDgtmTexI(bIaI. IDM9PfTrORQCOEFF. input, 20);.

PamdiaOgShD"s 0);

BOOL CALLBACK exotOPT0MIZAflONDI&Proc(HWND bDI& UINT messageWPARAM
WPa~M^ PRM ,r

char input[20I I/character string for i/o

caue WM NTDMIALOG:f
Switch (OR-COMP)

case N:
ChekadichButton (hDlg. IDM-OPTCOMP1. IDM-OPTCOMP2, IDMOPTCOMP I);

can 2:( (hDlg. IDM-OPTCOMP, 1DMOPTCOMP2, 1DMOPTCOMP2); 0

sprintl(input,"%9.2r",thnaskrea);
SetDlgltemTcxt(hWlgDM-OPTREQTHRUST~inPut); *

sprntfl~input,*MS.4jr,torq~coefl;
SetISIgtcmTcxl(hD]gJMOPTTORQCOEFF,input);

return TRUE;

cu M-dCOWMAND:

retur (BOOL)HANDLEWMCOMMAND(hDlg, wParam, IWaraM,
WMfOPTIMIZATIONDIgCommand Hander);

retur FALSE;

C.3.14 The About dialog box functions.
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The About diaog box is handled by the last two Aunctions in this section.

vodWMABOUTDISCommand HandkfOMM W31 ND WDhndd Ircd~*

cm 1DM OgABOUT:4

BOOL CALLBACK expog ABOUTDIgProc(HWND bDIg. UWN niessag. WPARAM wParam,
PARAM fflarm)

cm WM 1DMIALOG: *
retur TRUE;

cm WM-COMMAAND:

retur (BOOL)HANDLE WM_COMMAND(bDI& wParAM. IfarAMn
WMABOUTDIgCommrand Hander);

return FALSE;
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0

C.4 The PLL output functiO.m.

The PLL WindowsTh application uses twelve different functions to draw graphical

output to the monitor and/or system printer. Four of the functions are used exclusively for

PLL output. Six are used exclusively for PBD output and two provide PLL and PBD

output. In addition to the functions that provide monitor and printer output, two

functions provide output in the form of text files. The output function declarations are

fisted below in the order in which they will be presented.

//PLL output
void paintbld(HWND hWnd);
void paintwake(HWND hWnd);
void paintplot(HWND hWnd);
void printplot(HDC hDC);

//PLL and PBD output
void paintout(HWND hWnd);
void printout(HDC hDC);

//PBD output
void paintgraphs(HlDC PaintDC, POINT origin, FILE *plot, int color);
void painthub(HDC PaintDC, POINT origin, FILE *plot);
void paintgsp(qH PaintDC, POINT origin, FILE *plot);
void paint vcp(HDC PaintDC, POINT origin, FILE *plot); •.
void paintcmv(HDC PaintDC, POINT origin, FILE *plot);
void paintjrdc(HDC PairtDC, FILE *plot);

lltext file output
void writeoutputfile(HFILE out); I
void write_pbd_flles(void);

The output functions used in PLL are similar to those used in VLL and VLMLE.

The explanations provided here will assume that the output file descriptions included in

Appendices A and B are understood.
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C.4.1 Tle paitbld funmction.

The paintbld function is used to draw blade data on the Blade Viewer window. It

is not used to draw output to the system printer. It draws cartesian plots of non-

dimensional chord, thickness, drag, and circulation of the blades for component(s) 1 (and

2) and for the ring in the case of ringed propellers. The handle of the Blade Viewer

window is passed as the argument of the function.

void painbWNDM YhWnd)

" declare variables that are defined in the pll.c file and that
"* will be ued in this function *

The paintbld function plots data contained in the global variables declared below.

The plot data is not read from a data file.

extern char BLDINmax comp][21, p
ringed..propeller[maxkcomp];

extern int LDEV, project-flag, MRPIN[maxconmpl.
MBIN[maxcomp];

extern float XRPINlmax radl[max-compJ,
XCHDlmaxrad[nmax-compi,
XTHKlmax_radllmaxcompl,
XCDlmaxradllimaxcompl,
XGlmaxradlmnaxcomp],
BARlmaxcompl,
"BANGJNJmaxang][maxcompl,
BCHDINlmaxangllmax compl,
BTflI[maxang][max._compl,
BCDINfmax angllmax compi,
BClRNIlmaxangl [maxcomp];

* Variable declarations *

PAlNTSTRUC rp; //paint structure

HDC BladePantDC; //handle of the device context

IHFONT hFont, I/fonts for drawing alphanumerics
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hVestFat
hSmalwiat,*hOidgent;

IIPEN hPlohf. 41(21, I/peas for drawing plots
hSLdarmee.

LO "FONT WFont I/logal font stracture for
U creating the fonts

HIBRUSH hBrush, lbpushes for drawing on the
hOWdBWsh; U $ce

IPOINT origian(21-((3,S), I/origins of the plots of S
(345 55), / components I and 2

originraph, I/temp storage of the origin
II of the graph being plotted

point maxrad]; //point structures used to plot
I the parameters in the
I form of polylines

int delta.y = 100, //vertical graph spacing
length, I/length of character strings
Mji //loop counters

numberofgraphs; l/the number of
components to

U be graphed

float max chord, maixchord, //max and min values for the
ma_ thick, min thW, U four parameters
max_drm midrm&
maxci niun rci,;

float width, height, #display size scaled to 640/480
deltachord, /ldifferential between the max

4 delta thick, fl and nin values for the
deltaidrag, # parameters
deltacirc,

char buffer120]; I/character string used for
/ text output

* p

The painting process is started using the BeginPaint function. If a project is

currently open, the appropriate data is plotted. Otherwise, the bulk of the code is skipped

4 and the painting process is terminated.

lcreate the device context
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BladedaiaDC = BeginPain*WrAd &ps).

4~/mc The sizenfath display asetreati is 4altola3, eso that the ouraphicalemad

i/odtpenmden of the spiogam ios on thaasec rantior

wkh-(idathG(vc~p (Ba-aitC heigh(4.O3.O

hihteigh)Gtcveap -B width(3.O/4.O);S)

//imthre form tspla eihtpens, ando as bronusare createfo the puroseofdraingth

outpaut ae b o ts e p rawigralhnmeric outhtapuctrai

h wout - helocght*(DEVCEDEFUL0FOT)

I~nlheight - kt*04.0;

Wont -oGet - retFoW(lDEIrEct(&lFont);N7

Caetobjectdhci~szec(LOGFON7),&lFont);

* I~Foutlfileight = 1 A

h~ertoot - CrealeFontlndirect(Wlont);

llceate pens for drawing plots

* hplotpenljO[0) - CreatePen(pSSOLjD, 1, RGB(255,O,O));
~=lo 11n[0]O - CrWeateeaPSSOLID, 1, RGB(0,255,O));

hboloten[2]l0J - Create~en(P SOLID, 1, RGB(O,0,255));
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bPioeten3JjOJ - Createdea(P SOUD), 1, RCIB(255.O,255));0

bPIotPenOJllJ - CreatePe(PS_DOT, 1, RGB(2S3,OO));
hPotPenhll](1J - CreatePen(PSDOT, 1, RGB(O,255.O));
hPoW=en21111 Createl)en(PSDOT, 1, RGB(O,O,255));
h~lotdenI3lhI] - Creatcftn"(PS OT, 1. RGB255,O,255));

hStandardl~en -CreatePenPS SOLID, 1. RGB3(O,O,O));.

i/ceate and select a hollow brush so that ellpses and rectangles will
//not overwrite pre-existing graphical output, also sace a handle to the
flonginal brush

hBrush - GetStocktAbject(HOLLOWBRUSH);
hOldBrush -Selctcbject(BladePaintdC,hBnash);

The y axes are labeled using the vertical font. The file names used in the project

are printed at the top of the appropriate graph.

i/select the vertical font and label the y-axes of the plots

hOldFont = SelectFont(BladefaintDC~hVerrFont);

I/select the standard pen

* h~~OldPen = SelectPen(BLadePaintDC,hStandardPen); 0

//align the text such that it is centered

SetrextAlig(BLadePaintdC,TACENTER);

* ~~length = spuintdufer, "chord/D);

TextOut(]Bdldeaintd)C(intX(origin 101.x-30)*width/640.O),
(intX(origin(0J.y+l *deltajy-40)*heighti480.0),
buffer, length);

* ~length = sprintfdufer, "thicknessiD);

TextOut(BlaePaintDC,(intX(originIOJ.x-3O)*width/640.O),
(intX(origiri10J.y+2*deltaj,-40)*height/480.),
buffer, length);

4 length -sprint1~buffer; "CD*);

TextOut(BldePaintDC(intX(originlOJ.x-30)*width/640.O),
(intX(origin[OJ.y+3*deltaj,-40)*height/48O.O),
buffer, length);

* Length - sprintf(buffer, 'Non-dim circ*);

TextOut(BladefantDC,(intX(origin[OJ.x.30)*widthI640.0),

318



how~, lengt);

//slom the nomal sin bont asid draw the file names for both components
fl at dotop oy the Snobsn

Selct~nt(lae~antD~hont);

fwrM0,.M'DEV;M44)

length - spriniftbuffer. "MADE #%: Ws, M+l, BLD)INIM*21Di;

TextOw(blade~ana (iatX(osigi[MJ.x+155)*widtI4.O),
(intX(,orginjM.y)beight/4O0.0),
buffer Manot);

length - sprintf~buffer, "Nlon-D~imensional Radii");

Tex~t(BLsdePaintOCý(intX(origin(Mj.x+155)*width/64.O),
(intX(origanlM.y+410)*heght/480.),
buffe, length);

I/or the inaged propeller came label the graphs appropriately

if((ringed~peller[OJ-=(charXS9))NKringedjProPterllerfl(cbarX89)))

length = sprintluffer, "RING DATA");

4 (itBldea ntDCQt(oirigin[1J.x+y)*weidbt /4O.O),

buffer, length);

1engt sprintf~ufte, "Non-Dimensional Angles");

*TodlMLkdM~t(O CgWiMX(Mi5[i~5)%4 dtW640.O),

buffe, lengt);

SetTextAlign(BladePaintDC TALEFT);

I//elct the smallA fontfr labeling the x-axe

SelecFbon ladePaintDC,hSmallFout);
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T7he appropriate number of graphs is drawn based on the number of components

* and if a single component project is a ringed propeller. The vertical lines for the graph ame 0

then drawn as a series of rectangles. The horizontal lines are drawn by using MoveTo and

LineTo calls nested in two for loops. The x axes are then labeled.

* U~fdetermine the mnuber of graphs by couisidring LDEV and whether a
fl/single CMWOWMn is ringed

mamberý_cf raphs - LDEV;

ifrined~propOl-(char)(9))j
(ringedjwopeller[1J--(dhar)(89)))

number _of graphs++;

//draw the vertical lines of the graphs by drawing a series of rectangles

* ~for(M-O;M<nuxnber_of graphs;M++)(

Recngle(BadiePantDC,(intX(criginlM.x+1355j*27)*width/640.O).
4(intX(origin[M.y+20)*hegbt/4S0.).

(int)((originfM.x+1355j*27)*wWdth640.O).
(intX(oriinMJ-y+395)*heiSht/480.0));

4 //draw the horizontal lines for the graphs

fodjiOi<4;i44)f

0MoveTo(BladePaintDC.(intX(originlM.x+20)*width640.O),
(intX(origin[M.y+20+(i*deltaj)+(j20))*height/480.));

LineTo(BladePaintDC,,(intX(origin[M.x+29O)*width/640.O).
(intX(origi[MJ.y+2O+(i*delta~y)+(j*20))*heighI/480.));

//compleft the graphs by drawing a vertical line at the center of the graphs

MkieTo(Bla d~de)itC,(intX(origin(M.x+l55)*wiWit640.0),
(intX(origilMJ.y+20)*height/480.O));

LineTO(BadePaintDC,(intX(origilMj.x+lS3)*width/640.0).
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MabelI the x-sue

hx-O.<Jlj++4-)(

h.nh - qwlui~%ubr, %.4yltj/0.)

S ~~TaiddbhadDSat(ouigin(M.x+104j*27)%idth/6 .O),I
(iMX( nlM. y4W )*hedS480.O)
hifer, lenOh);

S )

A for loop is used to perform the calculations and GDI calls to scale and draw the

output for the graphs for each component.

//oop thiough both components

foM-O-,M<LDMEV;M++)(

The maximum and minimum values for each of the parameters is calculated. If the

values are the same, they are artificially separated. The difference between the maximum

and minimum values is then calculated.

AInmiializc the maximum and minimume values for each parameter to be plotted ,

max_ hor"d.0 min hordu'1.0,

maxhtiick-'0.0, mm kthichinl.0;

6umxdrr, 0., mo•, I d- 1.0;

axcirc- 0.0;, mi, cr- 1.0;

I/hr each radis. Pompg the parameter value to the previous maximum and
II vahm and Ma the max/mmn

mw dzwd = .x(mso oX~CHDU]M)UlD;mi-chard - mxmc;•orKd •lHDJllMJ);

max Ok - mx(max_0UllMi;mhkOik- inrm edk*WOTKUJpAD;
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maxdras - msx(max....drg.XCDIUMPD;
min-drag - =miam0tdg.XCDUIIMD;

max -cvc - max(max-Cir.XGOIIMI).
min circ - .Wisý anciwcXGUjlM);

niff the uinaxmim and miniamum valme ane cloe together, spred them apart

iI(=ax;_cbord - wincod4)
(.ini chard - max chard4. 1;
mm chard - min-Clird-O.l1;)

lff~maxkthick - minthik*<del)
(max thick - max thickO. 1;
min thick - mi-t-hick-Ol;)3

if(maxdrag - ala _drag<del)
(max _drag - maxjtdrag+O.O1;
msnl..drg = aninjlrag-O.O1;)

if(max-circ - MinLcirc<deI)
(max-crc: - max -circ+0.O1;
mnýcirc - minkcirc-O.O1;)

//find the differential between the min and max value for each parameter *
delt chord - max-chord - ala _chord;

delta thick -max-thick - mikthick;

delta drag - ma*_drag- min~drag

delta circ -max circ -mincic

The plots are then drawn using polyines of the appropriate color and the y axis

6 ~value labels are written. The individual points are drawn as circles. This is done for the

chord, thickness, drag coefficient, and circulation.

I/low the fowr puarazutr

ISMTArtbethth ~ chord

fsloect the appropriate colored pen

tnMIa e ir U~hP~oeaI[liOD;

#841 the origin of the plot
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oiigigrkx - onMj.x+20;

//loop threav) all the radii, moe the loation of each point in an
I/arra of point sructurms and d&w an ellpse at ead point

poiatlj.x - (intX(cahia..,aphx+27O*xRPJNbUIM)*j
widdm640.O);

point~lj.y - (intX(or4OuSmplLy+((nmuxcboad-XCHD~JIjtY
ddela cord)*40)*hegtW4%0.);

E llp(badefaintDC,pointfjj.x-3.pointjl.y-3,
point~jx+3,pointjl.y-+3);

//draw a polyline connecting AD of the points

Polyine(BlaePaintDC~pointMRPIN[MJ);

M/abel the y-axis

lengt - sprintf(buffer, *ý.f.i. chord/(~etacod2.O)); *
TextOut(La~deaitDC(intX(origin..iraph.x-3 l)*widt640.O),

(intX(originraph.y+37.j20)*beight/48O.O)*
heifer, lengt);

I/ploA the no-inuoaized thickness

SdeWWt~nBbade~aitWDC~PlotPen~lIIOI);

origin.Arap&.y - odignjraph.y4de~ta~y,

pointljj.x - (intX(origin~graph.x+270*XRPINUJMJ)*
width/640.O);

pointol.y -(intX(orignzrph~y+((maxjhick-XTHKWIMW/
dclta tbc)*40)*heightf480.O);

E ,peBlade~antdC,pointUjJ.x-3,pointfj.y-3,
poinfJj.x+3,point~jJ.y+3);

Polylne(BladePaintdC,pointMRPINfMl);
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T S (F dd aM iaIX(o~ni.Japbx.31)*widdiM o.).
(isX(OrigagS~y-37-*20)*height4so.0),

I//PW the vWM., drag coefficct

f ' It(IE"t CA I '*21101);

ori&iajqaIY - Orva-raplLy4delaw2 ,

poiflt.x - (intX(origin.Jraph~x+270*XRPINU[M)*
wwwdt/0.0);

pointob1y- (intX(orign~grapky+((max..drag-XCD~(M~y
deta~drag)40)*hcighU4So.O);

EIlipae(B~dePaintDC,point~ji.x-3,pointUjJ.y.3,
pointUjI.x+3,poWU]~.y+3);

PolylineC(BladedantDC.poit,MRPINIM); 0

length - sPrinzf~uffcf, %4".3r,min drag+(jdeitak_drag/.O));

TcxtOut(BladePaintD,(intX(onigin~graph.x-3l)*widd3/640.O)),
(intX(origin-graph.y+37-j*20)*hcigjit/4go.0),
buffcr lengt);

/4" othe - circulation

Sdctes(DladefintDC~hP~oePenI3lj0I);

OnigigajPWLy - originjiraph.y+ddltaj-,

fto-Oj"<M RPINMIj4+){

poinhtjJ.x - (iutX(originjaph~x+270*XRPJNUlM])*
wwwid 4.0);

pointjjJ-y - (intX(odiginjphy+((mx)ýcm-XG~j[M~y
detk..circ)*40)'height./480.0);

EIlipae(Blade~ainDpoWInfj.x-3,poinlj.y-3,
Point~j1x+3,poWIntj.y+3);
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lboot - qWiotd~bmer. "M.3fw.inckrc+O(jdekachrn.0));.

Tex$ig(BadedhiDCQntX(cdgin..grlLx-3 1)*Width"4O.)
(hMX(Odgiapy+37-P20)hi*aSW430.0),

The process is repeated for the ring data in the case of a single component ringed

propeller. In this cae the values are plotted against a non-dimensionalized angle.

lrif cmpnet #l is a ringed pmpelle, plot the rnag parameters in
lihe location wher component #2 is normally plotted

ig(Qigdeltl-car9)ingnged..prpeilerflj-(charXS9)))

/ranitialize thle maximum and minimum values for each parameter to be plotted0

ma*_chord-O.0; miknchoid1.0;,

maxthnck-0.0; min~thicknl .0;

max drag- 0.0; min..drar 1.0;

max circ" 0.0: mmlcmr- 1.0;

I/or each angle, compare the parameter value to the previou maximum and
IIvalue and store the max/min

fo'OI j'NMBNI[0jJ++){

max -chord = max(maxchodwnBCHDINWIlOD;
nin chord - min(min..chodXBCH IfJIOI);

max thick - max(qwx thiLckTMKJMI(0I);
thinck -mmin~atikBTIUCINIjIOD

max ~drag - ax(nax dragCDINUI[flOJ
umin~dag - minmin...dagBCDINWI0D;

mx circe max(max...crcDCIRNUWIOD;
mh~ic- min~mn...rcDCIRJN~jIIOD
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INl the maximum and nminmumavaluaes are clone topther, spread them sapun

af(ma* chod - minýchordKde)
{msax -chord - max c;hord+O. 1;
maincbord -mm chbord 1;)

ifmx..thck - mivnthick~de)
(Max thick - msa thick+O. 1;
min thick - miii thick-O. 1;)

iI~m@3kd&ag - min...dra4de)
(maxdrag - maxjk~ag+0.Ol.
naindrg -ndindrag-O.OI;)

il~maxcirc: - mii crc~dd)
(max-circ - max-ciMcO.OlI.
miiiCic: - mun-circ-O.Ol;)

I/ind the differential between the min and max values for each parametew

delftachord - max-chord - mik_chord;

delta thick -max thick -m nnthick,

delta drag - max_drag - mindrag; @

delta circ - max_cuirc- miii city'

llplot the four parameters

//start with the non-dimensionalized chord4

/Iselect the appropriate colored pen

SelectPen(BladePauntDC~hPketen[IJOlIO;

UAdjust the origin of the plot

originjgraph.x - origiunM.x+20;
origin~graph.y - origin(M.y+40;

fog(-&j<NIBIN(O~j44)(

pountfjj-x - (intX(originjrAphx+27O*BANGINUJIOJ)*
Width640O);

pointWl.y m (intX(ofiginjrPhky+((max..chord-BCHDINUI[ lO
delta,_chord)40)hbeight/480.O);

Ellipse(Blad~arintDC~pointljj.x-3,pointflj.y-3,

pointU).x+3,poWUntj.y+3);
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Iuagth- spwiatLbuffer. "%4.3f*.is...chaiiI+(j~ddtacbord/2.O));

Texi~(B~adehizDC,(imtX(orgn.ap&- avx-3 1)%Iddah64O.),
(igtX(od~nzra~ay+37-je2)*heighW4IO.0),
buffer, Iuagd);

S~cPe(Bbdde~anIC~hP~aqaj 1110);

oriin-vn ky - oflgln-pky-ddI8-y.

pointljl.x - (intX(origin~jrpbhx+270*BANGINUIjIOfl*
width640.);

pointuljy - I(intX(orgn-gmo-rpby+((max -thick-BTHKINiI[OI)/
delta dzck)*40)*heigbt43O.0);

Euip~eBaMdediniDC,pointUI.x-3,pointojj.y-3,
poWnUj.x+3,pointW].y+3),

Polylinke(BLadePaintDC,point,kMBINOj);

for*jOj'3~j++){

length - spuiff~buffer, **/4.1*mnt~hick+(j~deltathick/2.0));

TcxtOut(BbadePaintDC,(intX(originjrah.x-3 1)*width/640.O),
(intX~originjgrpb.y+37-j*20)*beight/480.O).
buffer, length);

IlpkA the vcums drag mdcufmin

odgignjraph~y -ouigingraphydeltay.y

jpointjJ.x -(intX(originpbLx+27O*BANGINUjOJ)*

widthI6o.);
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poiziW.y - (intX(orivnuaplvhy+((max. drag-
BcDJN~ijjOidsctadrqy40)*beigh48O.);

E~lue(lad~aiiDCpoistlj).x-3,poWUtJj.y-3,
pohQtjj.x+3,poinljj.y+3);

Polyli*eBlaitdantDC~pointj4BINIOI); 4

TcxtOut(BladePantDC,(intX(origiinxuph.x-3l)*width/640.O). 4
(intX(odiginjgraph.y+37-j*20)*higbt/48O.6).
buffer, length);

//plot the nondieioa circulation

Seecften(BtadePaintDC,hPloft[en3IIOI);

originjraph.y = originSraph.y+delta..y;

fbO=4,~j<WBINIOkj++)(a *
pointWI.x - (intX(originjgrapb.x+27O*BANGINDIJjOJ)*

width/640.O);
pointtj.y - (intX(origpn. ~.sahy+((max... LBCRNIllOI)'

delta-circ)*40)*height/480.);

Eliipse(BtadePaint]DC,pointljJ.x-3,pointljJ.y-3,
pointfjj.x+3,pointfj.y+3);

PolylineadeaintDC~poit,)MBINJIO);

IbrG~j<3j4++X

length - Vridntibuffer, %/4.3r",mincirc+(j'delta-circ/2.O));

TextOut(BLaide~atDC,Qint)((orginjnrph.x-3 1)*width/640.O), 4
(intX(onigin~graph.y+37-j*2O)*beight/480.O).
buffer. length);
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After the plots are complete, the original pen, font, and brush are selected back

into the device context and the pens, fonts, and brush created for this function are deleted.

The paint process is then terminated using the EndPaint function.

llselect the oiiinal brush, pen and font back into the device
//context and delete the fonts, pens, and brush created for this function

SelectPen(BladePaintDC,hOldPee);
SelectFont(BladePaintDChOldFont);
SeketObject•aideDntDC,hOldBnish);

DeleteFont(hFont);
DcleteFont(hSmallFont);
DeleteFont(hVertFont);

DeleteObject(hBrush);

DeleteObject(hStandardPen);

for(i-O;i<2;i++)
forj=0j<4j++)

DeleteObject(hPlotPenUllil);

//close out the paint command

EndPaint(hWnd, &ps);
)

C.4.2 The paintwake function.

The paintwake function is used to draw polar plots of the axial, radial, and

tangential wake profiles for the project component(s) to the Wake Viewer window on the

monitor. It is not used to produce printed output. The function also writes the

CURRPBD.VEL file that is used as input to the PBD FORTRAN executable. The

paintwake function receives the handle to the Wake Viewer window as an argument.

void painwake0WND hWnd)

* declare variables that are defined in the pil.c file and that *

* will be used in this function *
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extern int LDEV. pjMcfi.& component_ftl.
NRWINImaxcompL, NHARMA(maxxcompj,
NHARMRivmax compl, NHARMIumax_sompl;

extern float 1wNlmaxwakemdialmaxcompi.
XVAImadJkemdllmx. _wamkc _arll211max..compi.
XVRemadl_wlmma.. _wake har11211nmixcompl,
XVrljmaxwake mdllmaxwakc harli21nmax..compl,
XFINAL;

extern. Car WKINImaax_comPil21];

* Variable declarations *

HDC WakePaintDC; //handle of the device context

PAINTSTRUCT ps; //paint structure

W-IPEN hColorPenlmaxnad], //pens for drawing plots
hThidcPen, //pen for boxing plots
hOldPen; I/handle of original pen

HFONT hWont, I/font for text output
hOldFont; I/original font

HBRUSH hBrush, //brushes for drawing on the
hOldBrush; //screen

FILE *out; //pointer to a file structure

POINT originjgraph[3j= /points defined to locate the
(1110,130), I/origins of the polar plots
(530,130), //and the key on the screen
(320,330)),

origin key'(20,235),
points[31]; -4/point structures used to plot

lithe velocity profiles in the
//form of polylines

int length, I/length of character strings
i,j, k, m, n, //counters for loops
ellipsesize=90, //size of the polar plots
J; //number of axial

positions for
IH specifying velocities in
I pbd .vel file

float max[3{-(-2.0, //maximum and minimum values
-2.0, //of the axial, radial, and
-2.0), I/angential velocities, used
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min31,-( 2.0, //to scale the polar plots
2.0,
2.0),

widtb, height, //display suz scaled to 640/430
dela, //used to scale the polar plots

thea3Ol, /dMiscrese angles for
I/Calculating and plotting
//velocities

veDocty(3 //4-D array for uoing the

lmaaxmCOpi //calculated wake velocitieslmsK •_ws mll
(30],

ax..pos /axial position for writing pbd
fl velocity file

char buffert 1201; I/a buffer used for writing
//text output p

As in the paintbld function, the window is prepared for painting with the

BeginPaint function. If a project is not open the bulk of the code is skipped and the

4 painting process is terminated.

//creme the device Context

WakePaintDC = BeginPaint(hWnd, &ps);

i/only plot the profiles if a project is currently open

i'(projeq fiag){

4 Twenty different colored pens are created since as many as twenty different radii P

may be used for specifyfing the wake profile. A thick black pen is created for drawing

frame rectangles around the plots.

//create solid pens

hThlkPen - Crete _SOLID,2ARU(0(,0,0));

hClorPn[0J-,CretePse(PSSOLID, 1, RGB(25.,0,0)); /red
hCo;lodenl j-CrvN(PS SOLID, 1, RGB(255,255,0));/yeIlow
hColoPen[2l-Createen(PS SOLID, 1, RGB(0,255,0)); //green
hC;obffle[3lmCreaMteW W SOLID, 1, RGB(0,255,255));//light blue
hColorPenj44-Cre.W SOLID, 1, RGB(0,0,255)); /Mbright blue
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hColorfen(3J'Creaiedea(PSSOLMD, 1, RGB(255,O,235));/lmagentz
hColorPea(6J-Creaakpn(PSSOLID, 1, RGB(O,64,12S)); //dark blue

//Crat dote efas

hC~olor~tnl7I-Crete~en(PS_DOT 1, RGB(2SS,O,O)); fired C
hC~olot~a4SI'jCreate'en(_PS.OT, 1, RUB(255,2S55,)); I/yellow
hC~nodwen(9J-Create~en(_PMO, 1, RGB(O,255,O)); flgreen
hC*oloPeafIOj'Cretaede(PSDO 1, RGB(0,255,255)); M/ight blue
hColorPenjl llm-rateenPS OT. I. RGBOO,255)); /Ifright blue
hCdolPenh l2Km~retepn(PS..DO, 1, RGB(255,0,235)); fI/magenta
hCalcPenll3J-CreatePen(PSDOT, 1, RGB(O,64,123)); I/dark blue

/Icreate dasbed pow

hCo~oePenh l4KnCratePmn(PS ASH, 1, RG]3(2550,O,)); fired
hColorPen[15J'Create'en(PSDPASH, 1, RGB(255,255,O))-,/Iyellow
hCoWoPtn[ 161-Cratefen(PSDASH. 1, RGll(O.255.O)); I/green
hColoaen( 171m'CreatePen(PSDASH, 1, RGB(O,255,2S5));Illight blue
hColorPenjigj'CreatePen(PS _DASH, 1, RGB(0,0.255)); //bright blue
hColorPen[19I'-CretePcn(PSDASH, 1, RGB(255.O,255)),Ilmagenta

The size of the display area is calculated.

lldetermine the width of the display in pixels and the height of the display 4
II in raster hates and cast them as floats

width = (float)GetDeviceCaps (WakePaintDC, HORZRES);
height = (float)GetDeviceCaps (WakePaintDC, VERTRES);

//since the normal display aspect ratio is 4 to 3, ensure that the graphical S
IIoutput made by the program is in that aspect ratio

i(widthheight)>(4.0/3.O))
width = beight*(4.0/3.O);

elme
height = width*(3.014.O);

The device default font and a hollow brush are selected into the device context.

I/create font for drawing alphanumeric output

W~ont - GetStockFont(DEVICEDEFAULTFONT);

//select a thick pen for drawing the polar plot outer ring and save a handle
fl to the old pen

hOlden - Selecften(WakePaintDC~hThickPen);

//create and selec a hollow brush so that ellipses and rectangles will
# not overwrite pre-existing graphical output~, also save a handle to the
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#oiogina brush

I/select the norimi uized fewt and save a handle to the old fout C

hOwdout - eec=~t(WakedaitDCbhFont);

Thirty evenly spaced angles are used for calculating and plotting the velocity

proffies.

0 /Vcalculate the discrete angles for which the velocities will be calculated

fov(i4O;i-c30;i++) thetajij-ipi/l.O;

The screen and the individual plots are labeled. The bounding rectangles are then

4drawn. A circle indicating the maximum velocity on the plot is also drawn.

//align the text such that it is centered and draw the main heading

SeITcxtAlign( WakedantDCTACENTER);

4 length sprintfgbuffer "Wakce Profie fore); S

TextOut(WakepantDC,(intX32O*widdth640.O),
(intX3O'heightl48O.O), buffer, length);

4length - sprintf~bufier, *Component #%.d",componentflag+l); .

TextOut(WakePaintDC,(intX32O*widthJ640.O),
(intX45*height/480.O), buffer, length);

IMabel the three polar plots

4 length - sprintfNufr, *Axial*);

Text(WWAkPaiatDC(intX(origingrp~baxWal.x)*widah/640.O).

(intX(origingraph~axiall.y.120)*heightl48O.O), buffer, length);

length - sprint$ufer, 'Radial),

TextOutWakelaintDC(intX(ofiginjrphjrdlJ".x)*width/640.O),
(int)((OfiginAraphlradia).y-120)*heght/480.O), buffer, length);

length - spinntibufte, wTangential");

4 TextOut(WgwakedinDC,(intX(originraphltangentialJ.x)*widthj640.o),

(intX(origingrp~h[tangental.y-12O)*heght/48O.O). buffer, length);
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SrxtipWakePaintDC,TA LEFT);

//draw the rectangles that enclowe the polar plots and the circles that
6 ~/rndicfte the maximum velocities

R=Mctgle(WakefintDC(intX(originjrp~hjii.x-lOO)*width/640.O),
(intX(originjraphUjJ.y-loo)*widMh64.o),
(intX(odigin..zaph~l.x+lOO)%idthi640.O),
(iatx(angin-jqhul.y+l0O)*wwdt/4.O));

Ellipse(WakefaintD(intX(origin~jraphUJ.x-eipuesiz)*width640.O),
(intX(originifraphW.y-ellipseefiz)'widtW640.0),
(intX(odigin..jraphU].x+eiipsesaz)*width6.O).
(intX(originjgraphW).y+eclipsejize)*width/640.));

The velocity components are calculated at each radius and angle using the velocity

harmonics, which are stored in memory as global variables.

llfcalculate the axial, radial, and tangential velocities for each angle* *
I/irst, Imop through the radii

for(k0;k<NRWINjcomnponentfiagl;k++){

flinclude the 0th order terms

for(nr0;m<30;m++){

veloctyljl~componenLflagf~lkjmj= XVA[kJ 101 101 (component~flagi;
velocityjlljlcompouentjlaglfkjlmj= XVRfk][OJIOI1component...fag];
velocityl2Jlcomponentjlagjlkllmj= XVrlkI 101101 coniponent~flagj;

lladd the contributions of the higher order terms for the axial, radial,

/Iand tangential velocities

fot(n-l;n<NHAflMAlcomponenflagj;n44)

velocity[Oflcoinpoet-flagI[kJ[mI=velocity[OJicomponen~flagJikllml+

'veocityIOJIcorponenftflglkllmJ--veocity10licomponen~flaglfkjlmJ+
XVA~kiliDI ll]couponentflagj*sin((n)*thetalml);

for(n-l;n<NHARMdRlcompo~neflagJ;n++)(
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velodtyl 111 ~wonenft.lhjjkliml-velodti~lllomontjflagllkjlmlm+
xvRjkilaulOllooupomea-flagl~o(a)*thetamD;

* ~~velocitylllie4I.pam~tfiglk]imj-vdocityl llloomponenftjlglkllml+
XVilkilnlilflcouwyoanMflahlsla(n)thet~m]D;

velocityt21icompomeuftjlaJkllmlvelocity[2lluunponent~flagjlkjlmi+
XVrjkfln]illicoenpoefjlag*sin((n)*thetafmD);

The maximum and minimum values for the axial, radial, and tangential velocities

are then calculated using three nested for loops.

I/oop throug the axial, radial, and tangential velocities for each radii
lland angle to find the maximum and m~inimum values

* for k-k<NRW/lNlcomponent~flagJ~k-t4) 0

for(n= axial; n<-- tangential; n++)

0 for(m-O;m<30;m44)

inaxin] - tnax(naax(nj,velocitylnjfcomponenz flagj(kJ (m]);

* mmmin] - minminnjulvelocitylnjlcomponent flagilki (ml);

A velocity profile file formatted for use by PBD is then printed.

//open a file and write the wake velocities at a seies of axial position
II from upstream (x"-3.0) of fth propeller to 3t least the XFINAL position
// specified in fth PBD settings

I/open the fileint a warning if unabile to open the file
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if ((out - fopenC'wrpbdvwr, Uwn)) - NULL) J

* Me..geAdsep(M~jCONECCLAMATlON);

OWARNING", MB ICONSTOP I OKIMB-TSU A)

i elad , 3 • ,

//calculat the mandbe ofaxial poitons to output dama for

J - (ivtX(XFINA•I.5)+3);

S//print the header line .

"• w fout,ZONE T-0lnfa low, I= %d, J= %d, F-POITM%)n;,NRWIlOl);

I/Aoop through radii at which the wake is specified

* ~for (imO;i<NRWlNIOI;i++)

I/AooP through each axial position

fo-(ax(poX-3.O; ax.pos<+3)AL; ax;pos+=l.5)

//print the axial position, radius, axial velocity, radial velocity, and
/ootangential position

fprind(out," Y Ydt Yt" lf " Ytn. ax_pos. XRWINqiliO0,
veocitylO01OliullOl, velocityllJiOl1illOl, velocityl21iOJ~iiOl);

/ldose the file Or

)i

The dif•erence between the maximum and minimum values to be plotted for each

of the three plots is calculated and adjusted. The minimum and maximum values are

labeled on the plots.

/Aoop through the axi, radi and tangential plots, determine
/ the maximum and minimum values that will be used on the plots,
#I draw the values on the plots, then draw the polylines on the plots

for(n, axial; n<- tangential; n++)(

I/alciaft the differential between the maximum and minimum values
delt- maxlnl-min(nl;
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IMt dftheisual isdouet inwso, set the M ni~,aglaon0. 1

UitlWdel)~d mkia(n - mWAnInJ41;

//rcalPulft the diftentiaJ and widen the imnp so dwhg the u-

fl and min velocities do ad plo exacy an the limits of the graphs

delfta- saxjnJ-miai(aJ;

mxlii) maxin) + 0. l~delta;

mi (a) min~a) -0. 1 delta

f/draw the masn value on the plot

length sprinttbufi:r,'%4.3f,minhnl)*;

TextOut(WakepantDC,(intX(onigin~graphhnj.x+40)*widthW64O.O),
(intX(origin..graphunj.y+80)*heightl4SO.O), buffer, length);

4//draw the max value onthe plot

length - sprint1buMffrV.4.3fr,zaxjnj);

TetOutWWakPaintDC,(intX(origin~graphjnj.x-95)*widthI64O.O),

(intX(origin..ga phlnl.y-95)*heightl4So.O), buffer, length); *
The velocity profile for each plot is drawn as a series of polylines corresponding to

the different radii. The angle corresponds to the angular position relative to the hub and

4 the magnitude is the magnitude of the velocity component.

I/loop through each of the radii

fo~r=kOk<NRWIN(componentflagj;k-f4)

//select the pen corresonding to the appropriate radius

Selec~ea( WAke~aintDC,hColorPen~k I);

//calculate the x and y value in scencoordinates for each angle
I/and velocity and store in the points array

for(m0O;m<3&0m4+)

pointslm].x- (intX(origin~graphjnJ.x+
(((velocityhnulcomponentflagJIkjimj-mmnhnJl)*el~pse~size/
(nmxunl-minjnl))*cos((p/.0)+tetamJ)))%iidth/640.0),
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Points~m).y- (inix(afiximjrqikal-y-

/cdome the palyliac by cig&MWp up towfrs

pon30J-x-pinpau(j.x;
PaimWu301.y-Poiz4OJ-.y

//draw the pobfuie

P04m Dc(WIPi)olnts3 1);

A key is drawn to indicate the correlation between the pen colors and styles and

the radii.

//draw the key

//first, draw the heading *
length =printfobuffr, mTadims);

Tex~t(Wake~aintDC,(intXoigin~key.xiwkJ40.),
(intX(ongin~key.y+15)*heigjhtI4so.0), buffer, length);

* ~Texaut(WakedantDC,(intX(originjky.x+70)*widthJ64o.o),
(intX(oniginjcey-y+15)*height/480.o), buffer, length);

Ilwiite each value of radius

* fof(k=0~k<min(1O.NRWERlcomponentnag]);k++)

length -prnt1bufer, YW2")WlIcNlk(oponen flagj);

Ted~t(WakehintDC,(intXorgi~ky.x~width6400)
(intX(ohiginkcy.y+45+k*15)*hejght/480.0), buffe, length);

//select the appropriate pen and draw a rectangle indicating the pen
fi/tyle and color

Select~e(WakePaintDC,hColorPenik]);

* ~Retagle(WakePaintDC,(intX(originkiey.x+40)wiwdth/640.0)
(intX(origin~key.y+41+kelS)*heightl4so.o),
(intX(onigin..key.x+50)*width640.o),
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(jntX(oglga-ksy.y+574k*15)*hibt/W4IO.0));

/fif these ar ns than 10 rdii draw another wiurn the sune way4

Tet~u(Wice~ahnDC(imtX(criga kq.x+70)*widd/64.0),

(iftX(ocigkely.y+1S~hdSht4b.0), buffer Iwot);

%k-10k*-*WInqcmponentffigj;k++)

length pitb3f~.%.,Rljjcmoetlg)

TevtWakeWaintDC,(intX(onigin~key.x+70)*widtW/640OO),
(intX(oeigWInwy.yS+(k-l0)* 15)Ohegh/480.0), buffer. length);

SelectWenakedantdC~hColorWenkJ);

Rctangle(Wake~aintDC,(intX(origin~key.x+I 1O)*width/640.0),

(intX(origin~key.y+57+(k-1O)* 15)*height/480.));

After the plots are complete, the original pen, font, and brush are selected back

into the device context and the pens, fonts, and brush created for this function are deleted.

The paint process is then terminated.

//wlec the standaud pen and brush styles

Seecbnt(WAkedantDC,hOldFbnt);

SelWAkePaintDC,hO~denu);

//delete objects that were created but are anot -urnl selected into the
//deviec ot

DeleteObj2jec++ns);Dlt~jc~~~ni)

Deletefostn~out);
DddeO cTbckPem)*;
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Viewerin do Th paiolo fisntio does no rvd rne upt h anp

thehade oafnthe screndvctiontx u to the draw finc tiont drawthe funcpltsions the slotn

below.

void pbOiaplHWND hWud)

"* declar vaujiuis tdot ame dfined in the pll.c fie and that

" wiH be ausdinthis Amctio

exusts int pwojedtfq plot~peg, drawjlot~fla

OrCANUxcqMLmaxjBadJ.olmaýral
PrraIANQ.iNUM CEif,,.xcoxplimaxradj,

UADMFECT1MEmxý_=WflmaxradJ,

UAID)UCMjinxcwuqjjmxredJA,

CICfATKNESS~snx~co~pjf&axmdj,

RCMcUATK*o~ns*_lum.,llmsokadl.

CAVNATONNUMBlMluaxcquplmaxraqdl;
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*Variabl declarations*

IIDC Pko~ajd)C; /flandle of the device context

PAU~rsMUCF ps; Ipaint etnicture

Vie paintplot finction prepares the Plot Viewer window for painting using the

BeginPaint fiinction. If there as no open project, or if the drawjplotfiag has not been set,

the bulk of the code is sktipped and the paint process is terminated.

//a=* the device CoGtex

P~o(aiatDC -ý Begnaiot(hWnd, &W.)

I/Andy plot the parameters if a project is curendly open and the draw flag has been set

T7he paintplot fiinction evaluates the plot~page flag. This variable indicates which

of the four PLL plot pages is to be drawn. Each of the four cases makes four calls to the 0

draw function. The draw fiinction receives an index that determines the location on the

screen where the plot is to be drawn, the address of the first parameter value to be plotted,

an index of the name of the plot, and the handle of the device context.

/4"lo the appropriate pap of output by passing an index for the position of each graph, the addres of the
IIappropriate pwaramter, an index iniaigthe norage location of the plot name, and a handle to the
/device ronrext, for each graph

draw(lPI~AIrANGLEUNDISTURED(I[OJl. 9,PlotPaintDC),
draw(2A&OIODCALCIoIIoj 1,PlotdaitDC),
draw(3ARTrOIANOLENDWCEDIOIIOJ, lOPltPaintDC)*;

cue 1: 1

draw(OAUAIN"EFcrvEIoJIoI, 6,PlotdantDC);
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draw(1AUTINIOlIISP~elitD)
dmw(2,&UAD4DI)CED(OI(OI, I 1.Po(PanIDC);9
draw(3A&UMMNUCD(OliOl. 1234otoPaindX);,

driaw(OAMTIOCNESS(OJ j0J, 2,PlotatdCn)Q;
dmw(l.&O CULATlONINFUTIOII. 3,Plod~antDC);.
draw(2A&DRAG(OJOL. 7,PlotaintDC);
draw(3,&CIRCULATIONCALC(Oli0J, 4,PIotPaintDC);

brea*

cae 3:

draw(O,&LO)CALCAXI(OHlj 13,PlodlairndC);
draw(l,&LOCALCTIOIIOJ, 14,PloItaintDC);
duaw(2,&.LOCALCQ(O]10j, lSPotPaintDC);
draw(3,&CAVrTATIONNUMBERJIJOJ 0, 16.PlotPaintDC);

bra*

After the plotting is complete, the paint process is terminated.

//dlose out the paunt command

EndftintghWod, APS);

The draw finction draws cartesian plots of the PLL graphical output on four

separate pages for each component, or with both components on the same plots. The

plots are drawn on the screen. This finction does not produce printed output.

void draw(int graph ongin index, float parametcr, int plot..nmejndxim HDC PtotfaintDC)

* declare variables tha ame defined in the pll.c file and that*
*willbe used inthisflAmcdon
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extern int plot..piW plotjcomponentfa.. drawplot_tlag, LDEV;
extem imt numberjldilnmaxsompj;

extem float RADUSlmax compilmaxfad);*

* Variable declarations

HBRUSH hBrush, //brushes for drawing on the
hOldBrush; llscreen

HPEN hPlotPen[4l[2], //pens for drawing plots
hStandardPen,
hOldPen;

HFONT hFont, Mfonts for drawing alphanumerics
hMediumFont,
hSmallFont,
hOldFont;

LOGFONT Wont; //logical font structure for
//creating the fonts

POINT origingraph[4]= //points defined to locate the
{{0,10), H origins of the plots
(320,110),
(0,220),
(320,320)),

left--(40,15), //points that define the extents
right-(290,105), I of the plot rectangles

*4
point[maxradj; //point structures used to plot

II the parameters in the
II formi of polylines

int decimalplaces, //indicator of decimal places to
II display for y-axis labels

length, I/length of character strings
i=0, j, //counters
shift=3; I/number of pixels to shift

/ y-axis labels

char buffer[1201; I/character string used for
//text output

float maxvalue=-10.0, //max value of parameter
minvalue=10.0, I/min value of parameter
delta, //(max-nain) for parameter
width, height; I/display size scaled to 640/480

char plotnamel 17][40]-( I/plot labels
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"CHORD DISTRIBUTION INPUT',
"CHORD DISTRIBUTION CALCULATEDO,
"THICKNESS DISTRIBUTION INPUTK ,
"•CIRCULATION INPUT",
"CIRCULATION CALCULATEDE,
"AXIAL INFLOW VELOCITY, NOMINAL",
"AXIAL INFLOW VELOCITY, EFFECTIVE",
"DRAG COEFFICIENT3 ,
"TANGENTIAL INFLOW VELOCITY3 ,
"UNDISTURBED PITCH ANGLE",
"INDUCED PITCH ANGLE",
"INDUCED AXIAL VELOCITY3 ,
"INDUCED TANGENTIAL VELOCITY",
"LOCAL LIFt COEFFICIENT",
"LOCAL THRUST COEFFICIENT",
"LOCAL TORQUE COEFFICIENT",
"LOCAL CAVITATION NUMBER");

4 The size of the display area is calculated to ensure device independence. Small,

medium, and normal size fonts, as well as a hollow brush and eight pens are created for

the purpose of drawing the output.

4 //determine the width of the display in pixels and the height of the display
II in raster lines and cast them as floats

width = (float)GetDeviceCaps (PlotPaintDC, HORZRES);
height = (float)GetDeviceCaps (PlotPaintDC, VERTRES);

4 /lsince the normal display aspect ratio is 4 to 3, ensure that the graphical
H output made by the program is in that aspect ratio

if((width/height)>(4.0/3.0))
width = height*(4.0/3.0);

else

height = width*(3.0/4.0);

//create fonts for drawing alphanumeric output

hFont = GetStockFont(DEVICEDEFAULT_FONT);

G.etObject(hFontsizeof FONT),&WFont);

lFont.lf-eight = -8;

hSmallFont = CreateFontlndirect(&lFont);

4 Gt(ject(hFontszf FONT).&lFont);

lFont.lffleight = -10;
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hMadiumFout - CresteFoanduect(DAJFon0);

I/create and select a hollow bnash so that ellipses and rectangles will
fl nCA Overwrite pro-existin graphical output, So save a handle to the
fl Original Wnadh

b~nash - GetStodvObject(HOLLOWBRUSH);
bOWd~muh - SekOcObject%(PoPaintDC~h~nih);

//creaft pens for drawing plot

bPloItn(OJ101 - CreaftPenPSSOLID. 1, RGB(25S.,O,));
hPWMtInjlfOJ - CreatePen(SSOLIID, 1, RGB(O,2S5,O));
hPloIen12I10l - Create~en(PSSOLlID, 1, ROB(0,0,255));
hPloten131101 - CreatePen(PSSOLID. 1, RGB(255,0,2S5));

hP~oten[oJlIl = CreadePen(PS-DOT, 1, RGB(25S.0,0));
b~oPenlIIf IJ = CreatePen(PSDOT, 1. RGB(0,255,O));
bPlatlen[2][1l - Createlen(PSDOT, 1. R.GB(O,0,255));
hPlotPen[31[1lJ CreatePen(PS,_DOT, 1, RGB(255.O,255));

hStandardPen = CreatePen(PSSOLID, 1, RGB(0,0,0)); 1

//select the medium font for labeling the plot

* *hOldFont = SelectFont(PlotPaintDC,hMediumFont);

The plot is labeled, and the graph is made by drawing a series of rectangles. The x

axis is then labeled.

llread the plot name into the buffer and write the plot name 1

while(plot~namelplot_nameý_indexJ[i]i=NULL){

bufferlil = plot nameiplot_name_idcxjlii;

TextOut(Plo~antDC,(intX(origin~jraphjgiraph~originjndexl.x+5O)*width/640.O),
(intX(origin~graphf graph originjndcxJ.y)*height/480.0), buffer, i);

//seect the standard pen and draw the graph for plotting the parameter by
lldrswing a series of rectangles

hOldPen = Selecften(PlotPaintDC, hStandardPen);

for(i0O;i<5;i++) I

Rectangle(PlePaintDC,
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(jntX(origin..gaphlgra*poflpin~hndxl.x+rIgLx~i*25)*widtW640.O),
(iatX(originSraphjgrph~ogn~indly+fIg Ly)Oheight/480.0));

(intX(*onnjrphlgraphofiginindexj.x+Ietridtb/640.O),wdW4.)

* ~(intX(origin..rp~h~graph..ognnjdxi.y+lefLy+i*9)heigbý.t/48O.O),
(int)((origin~graphigraph ongin mdcx I.x+rigbtx)*width/640.O),
(intX(odigngp~h~paphpn injndexiy+righLy4i9)*k -ghtI48O.O));

RectangePotn

(intX(originjrahlgraPh-originjndexJ.y+lefl.y)Theight/48O.O).
(intX(origingrahlgraph.origin..ndexJ.x+le1Lx+125)*width/64O.O),
(intX(oriinuphlgraph..originjndexl.y+rigit.y)*height/48O.O));

* ~Rectangle(PloftaintDC,
(intX(origin~grapb~graph..ohigin*.indexJ.x+left.x)*width/640.O),
(intX(originjraph~graphyriginjindexJ.y+left.y+45)*height/480.O).
(intX(origin~graph~graph..origin index]-x+right.x)*width/64O.0),
(intX(origingrah~graph..*origin ndx l.y+rigbt~y)*height/480.O));

I/select the small font and label the x-axis of the plot

SeleciFont(PlotPaintDC,hSmallFont);

for(i0O;i<1 1;i++){

length = sprintf~buffer, "%.2. If",i/1O.O);

TextOut(PlotPaintDC,
(ifltX(originjrapbgraph _origin indexl.x+left.x-5+j*25)*width/640.O),
(intX(origin..gaphgraph..originjndexI.y+righity+ IO)*heightl48O.O),
buffer, length);

A switch is used in calculating the maximum and minimum values to be plotted. If

the plot component flag is zero or one, then only the first or second component is

considered. Otherwise both components are considered since they will be plotted

together.

flf the plot component _flag is one or two, look at only that component to
//find the maximum and minimum values to plot, otherwise consider both

switch(plotcomponentjlag<2)
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6 {

*xi-iO;i<.amber..[radi++i$) {(

m.ax(mx..valueparameerU*max-=d+iD;j

min value
min(mia valuePamdujma*mx rad+iD;

bm*)

cane true:
{

fox(i=O;i<nungbradiilplotcom.ponetfagl;i++)(

max-value =
max(mzaxvaiue,pameer[plot_componentlas*maxjrad+il);

min value -

n*minma. valuetparam plo_componetlag*max-rad+ij);

brealg)

The maximum and minimum values are adjusted to a reasonable range for the plot

and the y axis scale .is plotted with the appropriate number of significant digits.

/ladjust the maximum and minimum values such that the range of the plot
fits reasonmble and the values are printed to the correct number of
lsignifcant digits

*P

I/Nf the maximum value is greater than zero, use logs to establish the
I/maximum value as a round number slightly higher than the maximum value,
//othewis set the maximum value to 0.0

if(max value >- del)

max-value , pow(lO.O0loorflolO(maxvalue)))*

(1.0l+noor(max)yauev(pow(10.Oo.rooglO(max_value))))));

else if(max value <- -del)
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nix-value - 0.0;4

/Mthe minimum value islIem than wu,% on logs to establish the
* //amialawm value as around number slighty lower than the minimum value,

I/otberwise Set the minimum Value to 0.0

if(min value <- -del)

* w~in value - -(powl0.0,kflorlogl(fabsminvalue)))) 5

(l.G+floos(hminývalueYw(lD0-OAorlolO(fabsmin..alue))))))));

else ff~min value >- 0)

* wmin-value - 0.0;

I/if the maximum and minimum, values are vety close together, spread them
//apart slightly

if(max value - min-value<del)

{ axyalue -max-value +0. 1;

il((min value -0. 1)> 0.0)

* win-value = min-value -0. 1;

//find the difference between the maximum and minimum values

delta - max value - winý value

* I/inlitialize the decimalpiaces indicator

decimal~places =2;

itqfbsmaxvyalue)>de-l)

* ~decimalplaces=
min(floorflolO(fabsmaxLvalue))),decimaLplaces);

if~Ab.minvalue)>del)

decimaljplaces=
6 ~min~floorfloglO(fabsmin~value))),decimalplace);

I/l1"e they-axis based on the value of the decimal..places indicator

swithdecinwiljaces){

* ccan2:
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*~~ lm da etkauft.v 9$W¶(ialXmyalue-vh((i~dekaYlO.O)));

T S 1. ii - S(iMtX(odimn.pafhapho~iginindexj.x+let~x+

(iaIX(*dgipapb~grqbprign_*dexi.y+lkfy-
3+i.9)*bd~ght430.O), bufter Ieagth);

for(i-O*.i<1 l;i++)(

leiigth - srintt(buffer, 5%.Of',aaxyvaiue-((iddealw)I.0));

0 Te&41t(PlOIaintDC,(intX(origin_.Japh~gaph~orginindexJ.x+let.x+
shift*3-40)*width640.O),

(intX(origin..zraphlzrah..orgin.3ndexl.y+lft~y-
3+i*9)*heightJ48O.O), buffer, length)-.

case 0:

for(i-0;i<l l;i+4-)(

length - qwint~xaffer, -%5. lf',max..yalue-((i~deta)/l0.0));

T .1 i. - i IDC(intX(ouigin..jraphigaph~oginndexj.x+lefLx+
shift*3..40)*wj 40 0),

,(inX(originSjiraphf hoigin jndexj.y+ILey-
3+i*9)'bhcight/430.0). buffe, length);

bmk.)

cm -1:

for(i-0~i<l 1*14)(

lengt - prind~buffim, %S.2t,maxvalue-((i~deltayl10.));
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TcPai~whiatD C,(ifX(origia _phablgapIbotig _IndexJ.x+ldLx+4
sbW*r2-40)%*Iidth640.0).

(iMtX(origia~blgrph..orignjndexj.y+IeLy-
3+i9)*halghl4I0.0), baft, length);

cme-2,

length -qwint1bfofer, %5.3t,maxvalue..(i~deta)/1O.0));,

TedOt(PlOedaitDC,(intX(origingrfaphtgrap~ongin.indexl.x+lcfLx+
shifk*l-40)*widtWf640.0),

(intX(odiginjgraphlgraph~ogivndexj.y+lefLy-
3+i*9)*height/480.0), buft.r length);

brek;) 4

for(i=O,i<1 l;i++)(

length -qwintfufer, u%5.4r,max..yalu$4(i*deltaYlO.O));

TexlWoftCinWntX(orignVsphaphph~oigi.ind~xI.x+left-x-
40)%idtbd4O).0)

(intX(onigingraphtgrapb.ongirnjndexl.y+left.y-
3+i*9)*height410.0), buffer, length);

Ielectm the normal size font for plotting the key and pag #

SelectFoa(PWoPaintdC~bFont);
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The plot is drawn using a switch to determine if one or both of the components

should be plotted. The plots me drawn with poVines, using circles to mark the individual

points. The soli pens are used for the single component plots and for component one on

the dual component plots. The dotted pens are useu for component two on dual

component plots.

/Iff the plotcapmne_&lg is one or two plot only the values for that component, otherwise plot both
fl o the asm grah

* switchplot_cmstponent fl<2)
- {

case fAse:
{

//loop through the two components for the case where both will be plotted together

fjof-Oj<42++)

/sekect the color pen for the appropriate graph

. SedtlenltP, intDChPlten.• p•ohorigin..index]O]); * *
/floop through the points to be plotted, and for each point calculate and store the x and y coordinates to
//be plotted also draw a circle using the solid pen to indicate the location of the point

fobr-O*i<nuberMdiij]j;i++) {

0 point[i].x - (intX(origin..apgraph poginihndxJ.x+
Idtx+RADlUSU] li]*20)*width/640.0);

pointfil.y = (intX(oriaglnspgraphr_otiin~jndex].y+
k/tfy-((paramteW*max rad+il-max_valuey
d-dta)*90)*heighf/480.0);

Elipplftan ,pointlil.x-2,pointlil.y-2,pointlil.x+2,
pointlil.y+2);

}

11select the style and color pen for the appropriate component and graph g

S..e O-d~1. II ,h Sgraph _oginsmdexIIi ,);

//jdot the -oin
Polyine(IoPan pointnumqraMdiiD;

//plot the key for the page
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//Wrill thec. .u

WOgt - Whd*Al~ rr cnmpooeat ~dj+ 1);

(aatX(4004j20)huighl48O ) buft. length);

/Vumig the appbopriat pen. draw a line tho indicates which polyline
Ifis compainM #1 asid which is coaampnt #2

- I~.-~ ~3hPlod'ealOIDD;

bmovTo(Plo(P~inIDC,(intXl70owWIdh#64.0
(intX(40S"j20)hbeigWt4$0.));

LineTo(Poft~nd3C,(intXlS5*with/64.O),
(intX(403+i20)hbeight430.));

break-,

case true:

//select the color pen for the appropriate graph

Selct~e(PltaintDC~bPloften~grapb..originjndexllOj);.

I/loop throuigh the points to be plotted, and for each point calculate and
//store the x and y coordinates to be plotted
fIalo draw a circle using the solid pen to indicate the location of the

fbe(i=-0i<number radiifpomiponentflagj;i++)(

pointjij.x -(intX(origin~graphlgra~phrigiunjndexj.x+
dL~x+RADIUS(pla~comnponen~ftfa~ili*25)*width/640.O);

pointjij.y - (intX(orign..jrphj aph~ogihinjndxl.y+
dLey-((pamnie~terpltcomponentfiag~maxjad+iJ-

maxývaleYdelta)*90)*height/410.0);

Eufipw(PloftaintDC.PoIinti.x-2,point~iJ.y-2,pointlij-x+2,pointfil.y42);

fllseect the color pen for the appropriate graph

o ~~~Polyliae(Plot~aintDC~pointmnuzber raiiplot cmpnentLflagj);

I//Write the "Component r and draw a line that indicates the pen style and
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length d~" - OitIb ,CaUMpomnt 9%d4PkA-Qcompoejlag+ 1);

Text0W(PkdWaIMMDC(inXs0*withM4OO)
(hKX400*bt/W48.O), buffer length);

brak

The page number is drawn to the screen. The original pen, brush, and font are

selected back into the device context, and the fonts, pens, and brush created for this

fuinction are deleted.

I/write, the "Pager

length = spaintmfibfer, T Pagse %plot-page+ );

TextOut(lodaintDC,(intXSO~width/60.),
(intX(3SO)hbeightI48O.O). buffer, length);

llrestore the original brush, font, and pen

SelecsKbject(PlotfaintDC,h~ldBrush);0

Sedect(PnaloftMX,hblden);

SelectFont(PloI~aintDC,h0Wdont),

//delfte the brushes, pens and fonts

Delecbpc*~Brush);
Dddetebjec~hFont);
DeleteObject(lmeditumFont);
DelescObjecs~mnallFont);
DeecbjeShStndrd een);

Ddele~jWctohloen~jjli];

CAA. The printplot function.

The printplot function is almost exactly the same as the paintplot function. The

printplot function is used to draw the same Output as the paintplot function, but it is drawn
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to the printer instead of the monitor. The printplot function receives the handle to the

printer device context after the printer device context has already been prepared for

painting. The printplot function uses the drawprint function in the same way that the

paintplot finction uses the draw function. Since the functions are nearly exactly alike, the

printplot and drawprint functions are not shown here and instead are fisted in the final S

section of this appendix.

C.4.S The paintout function.

The paintout function is used to draw text output files to the Output Viewer

window on the monitor. The paintout function receives the handle to the Output Viewer

window.

void paintoutHWND hWnd)
{

* declare variables that are defined in the pil.c file and that will be used in this function

extern int project_flag, ScroliPos, LineslnWindow, Total Lines,
output flag. textcolor, LineHeight;

I******************************************************************** •.

* Variable declarations *

HDC OutPaintDC; //handle of the device context

PAINTSTRUCT ps, Ilpaint structure S

RECI rect; /lrectangle structure for
II defining the text region

HFONT hFont , M/fonts for text outputhSmallFonta,

hOldFont; I/original font

LOGFONT Wont; I/logical font structure for
// creating fonts

char OUTFIE[141; /la character string indicating p

/ the output file
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cha *uilb, //piniter to a charate buffer

ta masibylsm; //unuber otbyte read by_-tred

flog width, lldisplay suze scaled to 640/480
h kUused to scale the polar plots

HFI i/ffie handle

The paintout function uses the BeginPaint function to prepare the window for

paintin. If the there are no PLL or PBD output files, the bulk of the code is skipped and

the paint process is terminated. Ifthere are output files to display, the malloc function is

used to allocate enough memory to store a file of the size specified by max.buf sz

parameter. The max_buf sz parameter is defined in the header.h file as 10000.

/Icreate the device comext

OutPaintDC - BeginPaint(hWad, &4s);

Ilonly draw output if there is a project open and fies to be drawn

if(Wojectflag)&&((acceus(sunmary.out*, 0) == O)ll(access(pbdout.ktq. 0) 0)))( 0

/lallocate memory for reading the file into

buffer - (char *) mailoc((maxbuftsz)*sizeof (char));

The size of the display area is determined and scale factors are calculated for the

purpose of making the output device independent.

/determine the width o(the display in pixels and the height of the display
# in raer line and cat them as floats

width - (flaatt)GeMeceC@ps (OutPaintDC, HORZRES);
height - (flM)GeteviceCsps (OutPaintDC, VERTRes);

I/since the normal display pect ratio is 4 to 3, enasre that the graphical
fl/output made by the program is in that aspect ratio

if((widtaeight)>(4.0/3.0))
width - height*(4.0/3.0);

elme
height - width*(3.0/4.0);
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A rectangle is initialized for use with the DrawText function, scaled to the 9
dimensions of the device context display area Small and normal sized fonts are then 0

created for painting the tet output.

/ritialize the rectangle for displaying the fie

rect.eft - (intX2Oiddi".O); 5
rect.right = (intX625*width/640.0);
rect.16p - (intXlS*heishlt4S0.0);
rect.bottom - (intX6000*Whight/480.O);

//get a handle to the device default foot

hFont = GetStockFont(DEVICEDEFAULT_t-ONT);

//use the device default font to fill a logical font structure

GetObjWchFontseo sFONT),&lFont);

//alter the font size and create a small font

lFont.llffight = -11;

hSmallFont = CreateFontIndirect(&Wont);

The global integer variable, text_color, is used in a switch to set the color of the

text drawn to the screen. The blue, green, red, and black values are defined in the

header.h file. The SetTextColor receives a handle to a device context and a RGB color I,

value and sets the device context text color to the RGB value.

I/this switch sets the text color based on the value of the text-color flag

switch(text color)
{
case blue: { SetTextColor(OutPaintDCRGB(0,0,129)); break; )
case green: { SetTc olor(OutPaintDCRGB(O,128,64)); break; }
came red: { SetTextColor(OutPaintDCRGB(255,0,0)); break; }
case black: { SetTextColor(OutPaintDCRGB(0,0,0)); break; )

The OUTFILE variable is a character array that is used with the _lopen function to

open the appropriate output file. The content of the OUTFILE variable is determined by a

switch that tests the outputflag variable to determine which file is to be printed.
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I/this switch writes the appropriate file name into the OUTFELE

switch(output.fag)

case sununary: (strcpy(OUTFILE,'summmy.out\OM ); break;)
case dowmanreamYelocities: ( strpy(OurFIE,"frds.outfOY); break;)
case duct-jeometry: ( strcpy(OUFL E,ductgeol0"); break;)
cane ••srules caic: { m cy(OUTI E•L.ste out\O*); break;)
case detailedl: { strcpy(OUTFILAdetaill.out\0)); break;)
case detadled2: I strcpy(OUTF•LE,*deUdi2.out0"); break;)
case noi axisym v. : strcpy(OUTFILE,nonaxi.citoW); break;)
case nonaxisymfo { szrcpy(OUTFILE,fnonaxi.forV0"); break;)
case nonaxisymcmp: ( strcpy(OUTFILE,"nonaxi.cmp\0"); break;)
case nonaxisymhar: ( stc•(OUFILE,nonaxi.harkO); break;)
case pbdktq: ( strcpy(OUTFILE,.pbdout.ktq\00); break;)

The appropriate output file is opened using the _lopen function and read using the

_Iread function. The file is then closed using the _Iclose function.

Ilopen, read into the buffer, and close the data file

in = jopen(OUTFILE, READ);

numbytes= jread(in, buffer, max_buf_sz);

_close(in);

The small font is selected into the device context prior to painting the output. The

vertical extents of the rectangle structure that will be used with the DrawText function to

paint the output are adjust based on the position of the scroll bar and the height of a line of

text in the Output Viewer window.

I/select the small font and save a handle to the original font

hOldFont = SelectFont(OutPaintDC,hSmalFont);

//adjust the top and bottom of the temporary rectangle structure to account for the position of the vertical
fl scroll bar position

rect.top = recttop - ScrollPos*LineHeight;

re.b'tom = rect.bottom - Scroll_Pos*LineHeight;

357

S 0.° • 0 0 0,4



The next executable line of code uses the DrawText function to paint the output

file onto the Output Viewer window. The DrawText function receives a handle to a

device context, the address of the string to be drawn, the number of bytes to draw, the

address of a rectangle structure that describes the region where the text is to be drawn,

and flags that describe how the text is to be drawn. The function returns the height of the

text that was drawn. This statement divides the return value by the height in pixels of a

line of text to determine the total number of lines of text painted and assigns the value to

the TotalLines variable. The flags used are described below:

DTLEFT- causes the text to be left aligned.

DTWORDBREAK- causes lines to be broken between words if a word would extend

past the edge of the display rectangle

DTNOCLIP- draws the text without clipping

DTNOPREFIX- turns off the processing of prefix characters

//draw the text file in the region defined by rect and calculate the total number of lines of text to draw

Total Lines=(intXDrawText(OutPaintDC,buffer, num_bytes, &rect,
DTLEFIDTr_WORDBREAKPDTNOCLIPIDT-NOPREFDX)/LineHeight);

*

The scroll range is then set based on the total number of lines of text displayed in

the Output Viewer window, using the SetScroliRange function. The SetScrollRange

function receives a handle to the window associated with the scroll bar that is to have its

range set, a scroll bar flag that specifies the bar to set, the minimum and maximum scroll

bar settings in the range, and a redraw flag that specifies in this case that the scroll bar is

to be redrawn.*

//set the range of the scroll bar to the total number of lines so the range covers the entire text region

SetScollRange(hWnd, SBVERT, 0, TotalLines, TRUE);
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The original font is selected back into the device context, the memory used to

store the text is freed, and the fonts created for this function are then destroyed. The paint

process is then terminated.

I/select the original font back into the device context

SeleFot(OutPaintDhOldFont);

//free the Allocated memory

o lldelete the fonts created for this function

DeleteFont(hFont);
DeleteFontinSmallFont);

//close out tde paint command

EndPaint(hWnd, &ps);
I

C.4.6 The printout function.

The printout function is used to draw text output files to the system printer. The

function is nearly identical to the paintout function in section C.4.5 above. The printout

function receives the handle to the printer device context. The only other difference is that

it does not use any of the variables associated with the scroll bar. The function is shown

below.

void prinout C OutPaind)
{

* declare variables that are defined in the pH.c file and that *

* will be ued in this fiunction *

extern int Output11f8g textcolor,

* Variable declarations
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RECr rect; //rectangle structure for
U defining the text region

HFONT hFoKt, //font for text output
hOldFont; //original font

char OUNILEI141; Ula character string indicating
U the output flle

char buffr. Upointer to a character buffer

let num bytes; //number of bytes read by _Iread

float width, Udisplay size scaled to 640/480
height; Ilused to scale the polar plots

HFILE in; I/file handle

Iallocate memory for reading the file into

buffer = (char *) mafloc((max buf sz)*sizeof (char));

Ildetermine the width of the display in pixels and the height of the display in raster lines and cast
U them as fliots

width - (f0oat)GteviceCaps (OutPaintDC, HORZRES);I
height - (float)Get~eviceCaps (OutPaintDC, VERTRES);

Usince the normal display aspect ratio is 4 to 3, ensure that the graphical
U output made by the program is in that aspect ratio

if((wkitk4eght)>(4.o/3.0))
width = height*(4.0/3.0);

else
height = width*(3.0/4.0);

/rinitialfr the rectangle for displaying the file

rectleft (intX20*width/640.0);
rect.right - (intX625*width640.0);
rect.tp (intXlSheight/480.0);
rectbotoin - (intX6000*height/480.0);

UIselect the device default font and save a handle to the original font

hFont - GetStockFont(DEVICE DEFAULTFONT);

hOldFont - SelectFont(OutPaintDC, hFont);

I/this switch sets the text color based on the value of the textcolor flag

~text color)
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case blue: (Setroex kt~oo(OutPaintDCRGB(OO.l2S)); break;)
cuesegren: {SetTextCokor(OUtWantDCRGDO.128,64));break;)

* ~can rM& (SetTextC*olo(OutdantDCRGDB(23SOO)); break;)
cane black: (ScftextColor(Out~aI]XDCRGB(OOO)); break;)

Abds smitcb writes the appropriate file nam into dke OUTFILE

4 switch(outputjfila)

case summay: ( si cy(O1TIF1E."summary.ouffi); break,)
cane downitreana-veocities: { strcpy(ouTFJLE'frds~ouVM"); break;)
can ductjeomeuty: I a cy(OUWLEAducLvd\o*); break;)
can abs rulescalc: ( stqy(OU7T1YlLEstress.outw); break;)

4cuse detailedi:- ( strcy(OUTflE~detail Louffl): break;)I
case detailed2: ( strcpy(OUTFILE,*detail2.ouAW); break;)
case nou axasym cir: ( sty(OUTFilE,"nouaxi.ciaW*); break;)
came non..axisym,_br ~ (strcWyOUTFilfEinonaxi~forWO); break;)
case non~axasym~cmp: ( strcpy(OUTMlE,"nonaxi.cmp\O*); break;.)
case non axLsym_ bar strcpy(OUTFILE.*nonaxi.haA?0); break;)

4cane pbdktq: I tc(U~1~pdukqO) break;)

//Open, read into the buffer, and close the data file

in - Iopen(OUTFELE, READ);

numbytes= _lread(in, buffer, max _bufLsz);

_lclose(in);

//draw the text
4 ~DraTe OutfantDC~buffer~numbytes&rectý

DTLEFFIDTWORDBREAKJDTNOCLIPJDTNOPREFIX;
/Mfee the allocated memory

free( buffer)

* iMselect the original font back into the device context and delete the font created for this function

SelectFont(OuftaintDC, hOldFont);

Deleteftnt(hFont);

CA47 The psint~graphs function.

The paintAraphs finction is used to draw the input and output blade grids

* ~wireframe diagrams, the B-spline control net wirefr-ame, and hub and duct images to the
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passed device context, PaintDC. This allows the function to draw on the screen as well as

* the printer. The function receives the handle to the monitor or printer device context, a

point structure that defines the location on the display where the plot origin will be, a

pointer to the FILE structure that contains information about the PBD output file that will

* be plotted, and an index that determines the color that is used to plot the data.

The D7POINT structure is defined as a cartesian point in 7 space. It is defined

external to the paint.graphs functions since it will be used in other functions used to read

* PBD output files and draw PBD output plots on the Plot Viewer window. It consists of 9

seven floating point values organized in a structure.

struct D7POINT{ /*7-DptI/

float x,y,z,r,u,v,w,

) D7POINT;

void paintjrapbs(HDC PaintDC, POINT origin, FILE *plot, int color)

"* decare vaiables that are defined in the pll.c file and that *
"* will be used in this fnction *6 ~*******************************************************,***************5

extern int plotipage;

exten float scJ factor,

* * Variable declarations *

char buffer[120l; //character strikg for text output

Sint i=O, j, //loop counters
n6tlr-l. //used for reading input file

/ character by character

pointsjerline, //dimensions of array of xyz
lines, # points describing the wireframes
length; I/length of text output strings

stnuct D7POINT *points; //pointer to 7d point array used
//for reading and storing
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Ui description of the wireframes

Rlost wifth heiht //display size scaled to 640/480

X Y. //d point convertd to sre

scalel5.O. //scae factor to fit plot on screen
axis -2.0r //Icaiefactor forthe axis plot

* UFEN ~ La(1 hOlE'.l; //peas for drawing wlrchamis

PowN Ow -a/s origin for the axis plot

IIFONT Waont, ~bl~ut; i/onts for Writing text output

After variable declarations are made, the ffunction creates a blue and a green pen

for drawing output and gets a handle to the device default font. The size of the display

area is calculated. A scaleto be used to plot the data is calculated based on user input

provided with the PBD Plot Geometry dialog box.

Ucmte a blue and a green pen for drawing the control point grid ahd the velocity vectors

brenlol . CreatePen(PSSOLID, 1, RGB(0,0,255));

hPcn~lJ - CreatePen(PSSOLID, 1, RGB(0, 129,64));

I/gt a handl to the device default font

hWont -GCetStockl~ont(DEVICE DEFAULT.YONT);

I/determine fth width ofthe display in pixel and fth height of the display
/in rast emand cast thern aufloat

width- (float)Get~eviceC~ap (PaintDC, HORZM);
heght- (float)Get~eviceCaps (PnDC VERTRE);

llsince the normial display aspect ratio is 4 to 3, eonsue that the graphical
#I output made by the program is in tha aspect ratio

width- height(4 (VAQ),

height - width(3.0/4.0);

//seect fth device deftut font and the pen indicated by fth color index
#I passd irn fth Iacuio call into the device context and save handles to
#/the original font and pen

h(Oldos 0111(ct~otintDC, W~ont);
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bO =- Select~a(PitDC~hPealcolorD);4

fldathe scale ftclor by an amnount determined by the user

scale - Scale m mlor * scale;

The fincton now reads in the data to be plotted. The output files written by the

PBD FORTRAN execiutbe are in a standard format for use by a graphics program. The

first two lines are not used by this function and are therefore discarded. A while statement

is used to read the data character by character using the getc function until a carriage

return or linefeed statement is encountered.

//read in the data to be plotted

//scrap the first line

• while (nextcharl= 13&2nextcharI= 10)
nextchar - getc(plot);

nextcha = 1;

//scrap the second line

• while (nx'tchar-l=13&wextcharl= 10)
nextchar = setc~po");

nextcwb=I-

The function then employs a while statement to check for the end of the data file.

If the end of the data file is not found, the function reads the next zone of the data file.

This is done in order to allow the function to handle data files with multiple zones, such as

an output blade grid file which will have a separate zone for each blade and an additional

zone for the transition wake.

I/lhe pwpo of this while statement is to allow the function to mad and plot a series of wirefrmes from
// the fleW, as in the case of a pbdouLobS file which contains zones for all of the blades as well as
I the transition wake

whie(nexCha-SeC(pl•t))l=EOF)(

The next five fines of executable code search the next line in the data file for the

* second "=" sign. The function then reads the first dimension of the data array into the

points..perline variable.
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//hxtat the n•mber of poists_p._rin and the numwber t lins

S//read the t lin, looking fo the int equal sip

while (nex ,,,m61)
nexicar - etc(plat);

nexachar -1,

The third "=" sign encountered keys the function to read the second dimension of the data I

array into the fines variable. The rest of the line is then discarded.

//condue rmnding the third line, looking for the third eqal sign

while (nextc,,rl-61)
netchar - getc(ploO;

Ilrend the -ed Of line

wh i (nwexlhrlI3 next); l=10)
nexica" = nic~pet);

STh Memory is then allocated for storage of the file data in the points array using the

nalloc and sizeof functions. The data is read into the points array using two for loops.

The points array, although it contains a two dimensional array, is accessed as a one

ydimentiohli array. Note that the index of the arl y is indicated as .i'points_perline~j".

This index refers to the jth column in the ith row, where the column and row indices run

from zero to "flines-1" and zero to "points_perline-l" respectively.

•*IIHilocse memory ri g the poal ts that dfeocrst e the wirefatme i

po to (OtnW D zPO * mtkoq0ints~ pint.er_line)*s-of (1" DrPOeNci)e
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IJI
1/usd sad a•a the -pst dMa

hr 0-t I<UmiMK i4) J

fo 0-• ltperine= j++) I

ff , &paoinUi*poinsiperilia+jJ.x.
&soim~ipolnts ier in.+j].y, &(points.i*peiprjiwc~jl.z, I
&poizti*poiatIpelin94jJ.r, &Voh(i*pointsW~rline+jl.u,
&ntm[i*poinlsrtiwnea+jj.v, &pinsi*pointsjrjine+jl.w);

)
l

The rest of the line is then discarded character by character until a carriage return

or linefeed is encountered in order to prepare the file so that the next zone may be read.

//scrap the rest of line

while (nexc-hart=l13&&Axtchart 10)
nextchar = gtc(plo),

nextchar - VWetcýpoO

The text alignment for the device context is set to center adjusted and the plot

label is drawn at the top of the page using the TextOut function. The label drawn is a

function of the plotpage variable value since the paintjraphs function is used for

drawing the input blade grid and B-spline net as well as the output blade grid and

transition wake.

The strlen function is used to provide the length of the text to be drawn. The

strlen flnction receives a string or the address of a string and returns the length of the

string minus the nuli terminating character.

I
//I" the plot

Scrextvgp(PaintDCTACENTME);

//determine the label by testing the plotppge nag

switch(plot_.pag)
4
cme 4:J TexOut(PaineDC,(intX320*width/640.0),
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(intXlheisht480.-0o). ONUT' BLADE GRID AND BSPLNE NEo0. 6
bra* DUDIWM BLADE GRID AND B-SPLINE NE1VO));

Cm 5:{ Txdg(PW8D ,(iatX3220W&h40.O.
(imXIO.beigW48o.o), "OUTPLr BLADE GRID AND CEN"ERBODY\,

bmk- diM.(*OUTr BLADE GRID AND CENTERBODY\O));

The text alignment is restored to left adjusted and an origin is defined for use in

drawing the xyz axis on the plot.

Setrex.IAip(PainCTAC LFr; I

I/define the axis oigin

eaginlas.x - (intX40widh640.0);
originaxis.y - (intX410*height/640.0);

The wireframe diagram is then drawn using two sets of two for loops. The first set

of two for loops is used to loop through the data array and draw lines connecting each

point in succeeding rows. The second set of two loops connects each point in succeeding *
columns.

The rotation_projection function receives floating point x, y, and z cartesian

coordinates and pointers to the x and y coordinate variables, X and Y. The function

rotates the point about the appropriate axis using the globally defined and user input pitch,

roll, and yaw angles, and projects the point onto the z = 0 plane in order to prepare the

three dimensional data for two dimensional plotting. The x md y values are assigned to p

the X and Y variables. This is done to allow the user to view the output data in any

orientation. The rotation_projection function will be described in more detail below.

The MoveTo function is used to change the pen location to a point corresponding

to the first point in the next row or column without drawing a line. The LineTo calls are

used to connect the subsequent points in the row or column. The x and y screen

coordinate points are scaled by the user determined scale factor internal to the MoveTo

and LineTo calls so the output may be viewed in any scale.
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Pansfti*Poiftiujerjinae.z &K~ AY),

MbTOWnoPID~C,(izix(oaiilx~scaie(X))*widhr6.O),

for Qj-1; j pim-per ine j++)(

rotna=_pe~tonoints(i~poiguperjhat+jjx. p btli~pernsline~jJ.y,
paiJ~i~pojntSjperjne~jlZ, AX. AY);

LineTo(PantDC.(intX(oadgin~x+scaleQCX))*widh/640.O).
(imtX(onigin.y..cal(Y))*hegbt/430-O));

for (O;j<pointsjperlie; j+-4)4

rooaiwprojetioo(pointsW.x. points~lj.y,
PointsujJ.z, &X, &-Y); *

MkeTo(PaintDC,(intX(onigin.x+scal*(X))*lvidth/640.O).
(intX(origin.y-scae*(Y))*height/480.));

for 0i-i; M~ines, i++)

* ro~wtainion-pqconpowint~pointspejine+ij.x,
pointsli~poinfts..peinCejj.y.

ponsi*pointsWhatprlnej]z, &X, &Y);

LiecTo(PantDC,(intX(oign.x+scai(X))*widdh/640.O),
(intX(origin.y-scale*(Y))*height/480.O));

The memnoly allocated to store the plot data is then freed using the free function.

The original pen is selected back into the device context and the xyz axes are drawn,

rotaed through the same pitch, roll, and yaw angles as the wireframe diagram.

/Mmre the ailocated memiory
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I//oeld A the u11 pen ialo the dovIce conewtad label the (xvy~z) axes

Armw the xyz am

rwaaionivoiediaa(alis + 1 .0, 0.0, 0.0, aX Ay);

legh-qwintfmuftb. *'x);

TestmamaiNaDC, (jnx(+X)%'-Aidtx)Wwh"640 .0
(intX(odp-Aaxiy.Yýheigbt/430.0),
buf, kno;

rotiajojectioi(.O, axis + 1.0, 0.0, x. AY)-,

lenth, - spriai(buffer, "y");

TextNO~ut(aat (iAtX(onvgizaxiSx+X)VidtW 64 0.O).
(intX(onigjnaxis~yY)hecigh/4S0.0).
buffcr, length);

ation..prjetioas(0.0, 0.0, axis + 1.0, LX, &Y);

length - spiintluffe, "e);

TextOutPaintDC (intX(oniginaxLx+X)*Widt1/ 64O.O). 0
(intX(ouiginaxis.yý:Y)*height/480.0).
buffer, length);

rmfonat~projecfioU(axis, 0.0, 0.0, &X., LY);

MoveTo(PantDC,(intX(origiL)xis.x+X)*width/0.O),
(intX(odiginAxi~y-Y)heigIW480.0));

Li eTo in DCntX(origin axi~x)*widtW640.O).
(intX(odigin_.axis.y)*height/480.0));

rotationojecton(0.0, axis. 0.0, LX. LV);

LineTo(PinD)C,(intX(oIraig~s.x+X)swidth/ 640.).
(intX(OfiginaxisyýY)*bight480.O));

rtotaion.projection(0.0, 0.0, axis, &X, LV);

LineTo(finflitX(origia.axis.x)*widtW 64 0.O).
(intX(origin-axis.y)*height/4S0.));
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4D

The original font is selected back into the device context and the pens and font

creted for this flinmn are deleted.

iueiect the orgnalB font back into the devic contex

Selecto=tPiaDChOldFoat);

//delel the pens and fot cmated for this function

Ded*ot(hFont);
}

The rotation-projection ffinction receives an xyz point and pointers to two floating

point X and Y values. The function rotates the xyz point through the user defined pitch, D

roll, and yaw angles, and projects it onto the Z = 0 plane in order to prepare it for plotting

on the monitor or printer. The result is placed in X and Y variables.

void rotationprojection(float x, float y, float z, float X, float Y) '

exten float cos roll;
extnm .float sin_roll;
extern float cos.yaw,
extem float sin-yw, P
extern float cospitch;extern float sinpitch;

float dz = 10.0;
float xaMyaza;

*D

xa = cos-yaw x - sin-yaw z;
za = sin-yaw x + cos.yaw *z;

•X cosr+ollxa+sn ll * -

ya=- coý_rol y - sin_rol * xa;

-Y =in..pitch * za + cospitch * ya;

•X (dz * (OX));
*Y = (dz * (*Y));

3
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C.4.A The paint-hub function.

The paint hub function receives the handle to a device context, a point on the

screen to use as the plot origin, and a pointer to a FILE structure. It draws the centerbody

described in the data file to the screen or the printer depending on the device context

passed.

void paint hub(HDC PaintDC, POINT origin, FILE *plot)
(

"r declare variables that are defined in the pll.c file and that ,
" will be used in this function *

extern float scale-factor,

extern struct D7POINT { P 7-D pt*"

float xy,z,r,u,v,w,

} D7POINT;

,rrrrrrrr~rrrrrrrrrrrrrrrr r*r*rr*** r***rr*******r*r~rrr~r

r Variable declarations *
********************************************~************** **** *****

int i, j, //loop counters
nextchar-l, //used for reading input file

11 character by character

pointsjperlijie, //dimensions of array of xyz
lines; H points describing the hub

struct D7PO1NT *points; //pointer to 7d point array used for
//rnading and storing description of
I/hub

float width, height, //display size scaled to 640/480
X, Y, I/3d point converted to screen

//coordinates

scale=15.0; //scale factor to fit plot on screen

********************************************* **********

• declare structure variables *
****************3*************************************
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HPEN hRedPen, hOidPen; //pens for drawing hub

The function creates a red pen for drawing the output. The size of the display area

is calculated and a scale to be used to plot the data is calculated based on user input

provided with the PBD Plot Geometry dialog box.

* determine the size of the device context to be written to, this*
* allows the function to be device independen *

//create a red pen and store a handle to it

hRedPen = CreatePen(PSSOLID, 1, RGB(255,0,0)),

//determine the width of the display in pixels and the height of the display in raster lines and cast
U/them as floats

width = (float)GetDeviceCaps (PaintDC, HORZRES);
height = (float)GeDeviceCaps (PaintDC, VERTRES);

llsince the normal display aspect ratio is 4 to 3, ensure that the graphical
//output made by the program is in that aspect ratio

0if((width/height)>(4.0/3.0))

width = height*(4.0/3.0);
else

height = width*(3.014.0);

4 //select the red pen and save a handle to the original pen

hOldPen = SelectPen(PaintDC,hRedPen);

H/adjust the scale factor by an amount determined by the user

"4 scale = scale_factor * scale;

The number of lines of data and number of points per line is extracted as described

in section C.4.7 above.

llread in the data to be plotted

//scrap the fi.rst lin

while (nextcharl=13&&nextchart= 10)
nextchar = getc(plot);

nextchar =1;

//scrap the second line
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* while (nextcharIll3&&nexftcarIllO)
nexicar - getc(plot);

nextcbar -1;

(~) //etract the number of po nsper-line and the nmber of fines

I/read the third line, looking for the first equal sgp

S while (nextcharl-61)
nextchar - getc(plot);

newthar -1;

llicontinue reading the third line, looking for the first second equal sign

while (nextcharl-61)
nextchar - getc(plot);

I/read the points per line

fscnf(plotY*.d,.&points..per~in);

I/continue reading the third line, looking for the first second equal sign

* * while (nextcbarl'61)
nextchar = getc(plot);

fscanf~plot,"*/W*&li=e);

llscrap the rest of fine

while (nextchar!=13&&nextCharI=lO)

nextchar -getc(plot);

Memory is allocated, the data file is read, and the wireframe diagram is drawn in

* ~the same way as described in section C.47 above.

//allocate memory for storing the points that describe the hub

points - (WWac D7POINTff malloc(Qinespoints-pefrjine)*sizeof (struct D7POINT);

4 //read and store the point data

for 0-0; i<lines; i++)4

for "j'; j<pointsjperjine; j++)

4 ~ftcaud(plotW4/.f G~f OWYIM f/JAfu, &pointsli~points..lerline+jl.x,
&pointsli*points..perj ine+jJ.y, &pointsli~points~perjline+jj.z,
&pointsfi*points~j~er..line+jl.r. &pointsli*pointsjperj.ine+jl.u,
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&kons(i~pointmelneiIv KPitiw+ftSprin~j

//draw the wirefaxe diagra

doe F oe~pintli~poinlsperinej.x, pointsli*poiats~perljnej.y,
ponsi*pointsWpierl~ejw "X~ &Y);

MloeToaDedC,(intX(origin.x+s Je(X)*idiW64o),
(intX(origin-y-gcal*(Y))*height480.)o

for 0-1.; j<pointserjin; j++){

rtadmon don(point~*pintsWjjne+jl~x, pointsli~points~per line+jl~y,
pointslipontsperjine~jj.z, &X( &Y);

LineTo(PantDC,(intX(orign.x+scae*(X))*witjd6Jo0),
(intX(origin.y-s~ca*(y))*he ightI480.0));

0 ~~for "jU; j<Voints~perline; j4+)(

rotaVMUprOjection~pointsWj.x, pointalily, pointsUI.z. &X, &y);

MloeToointDC,(intX(orgn,x+scae*(X))*width/40O),
(intX(origin.y-.sCal*(Y))*jeght/480.0));

for (i-1; ikliner, i++) 4

foaio.prOjectio(POintsji*POints-perý-ti jj*x. pointsli*pointsperjineIj.y,
poifltsli*pointsperlinejl.z, &X,. &y);

(intX(origin.y-scale*(Y)*ghejgt48O 0));

* ~The memorY used to store the Plot data is freed using the free function, the original
pen is selected back into the device contex, and the pen created for this function is

deleted.

Avfre the allocated memory

free poieft )r
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flielect te o-iud pam back into th• device coeaw

4 Senecte(PaintDC. bO e);:

//delete the pen created for ths hjncti

Deetr; ect-'-- t);4 ):

C.4.9 T11e paint gp function.

The paintgsp function draws the circulation contour plots described in the

PBDOLJT.GSP or PBDOUT.SOL files to the monitor or printer. The function receives a

handle to the device context, the origin at which the plot is to be printed, and a pointer a

FILE structure that contains information regarding the data file to be plotted.

void paintgsp(HDC PaintDC, POINT origin, FILE *plot)
{

"* declare variables that are defined in the pil.c file and that *
" will be used in this function *0 • ***.***************.********ql***l*.*****,,*,*******,*I, ******I****************I• • € €

extern struct D7POINT f (* 7-D pt *

float x,y,z,r,u,v,w,

} D7POINT;

extern float scalet 1ctor,

* Variable declarations *

char buffer[1201, //character string for text output
title[81l= "BOUND CIRCULATION STRENGTH\O¶ //plot title

*at i-O,j, /oop counters
nextclar-•, //used for reading input file

II character by character

pointsWerline, //dimensions of array of xyz
Hue fII points describing the wireframes
length, //length of text output strings
id, l/index indicating color to paint

/ the contour plot polygon
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ml/dummy integer for Melding

•~ Idata notnused by thisf noton

trc D7 rr *points; //pointer to 7d point array used
//for reading and storing
n the plot data

&sM width, height, Idisplay size scaled to 64W/480

inae,..OA, I/scale facwor to fit plot on

max disre - -100.0, //max and min values for the
min diwet - 100.0, II bound vortex strength
maxdensity - -100.0,
min density 1 100.0;

HFEN hPen[6], //pens for drawing the plots

* HBRUSH hBnmsh(61, //brushes for drawing the plots
hOl~rnsh

IHFONT hFont, //fonts for writing text output
hOldFont;

S POINT origin_axis, origin for the axis plot
oriSindis, I/origin for the discrete plot
origin~den, Ilorigin for the density plot
polyl5]; flarray of points that define

# the polygons to be plotted

Origins for the discrete and density plots are calculated based on the origin passed

with the function call. Six pens and brushes are created for drawing the contour plots.

The device default font is created and the size of the display is calculated.

//define the origins of the discrete and the density plots based on the origin passed with the function call

originds.x - oinginx-240
origindi-y - ogiSy,

* crigindea.x - o4ignLx+,8

origiaOde.y - oriin.Y,

lreame brshes and peaw used for drawing the contour plots

hBruh(lO - CreteSoldBus (RGB(2S3,o,0));
* lBnkh(l] - Crush (RGM(255,255,o)); I

h•ru=21 - oinsh (RO(0,255,0));
h•uh31 - Creat•SolidBnash (RGB(0,225,25S));
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hBaushjJ - CreateSolidBnzsh (RGiB(O,O.255));
h~nuh(5] - CreateSolidB~rush (R.GB(255,O,2S5));

0 ~hPeaIOI - Createen (PSSOUD, 1, RGB(253,O,O));
hPen(l] - CreatePen (PSSOLID, 1, RGB(2S3,255,O));
hP642l CreatePem (PSSOLID, 1, RGD(O,253,O));
hPen31 - Creale~en (PSSOLID, 1. RGB(O,225,2S3));
h~enI4I - CreatedNm (PSSOLID, 1, RGS(OO,255));
hPen(51 - CreatePen (PSSOLID, 1, RGB3(255,O,25));

//get a handle to the device default foot

hFout - GetStockFont(DEVICE DEFAULTFOM);

lldetemine the width of the display in pixels and the height of the display in raster lines and cast them
/Ias floats

width = (float)GetdeviceCaps (PaintDC, HOMZES);
height = (float)OetDeviceCaps (PaintDC, VERTRES).

llsince the normal display aspect ratio is 4 to 3, ensure that the graphical
n/output made by the program is in that aspect ratio

if((width/height)>(4.O/3.O))
width -height*(4.O/3.O);

else
* *height =width*(3.0/4.O);

llselect the device default font and a new pen and brush and save handles to the original font, brush,
nIand pen

hOldFont = SelectFont(PaintDC, hFont);

* ~hOldfen = Selecften(PaintDC~hPen[OI);

hOldBrush = SelectObject(PaintDC~hBrush(OJ);

The plots are labeled and the data is read in the way described in section C.4.7.

//print the title and the plot labels

SetrextAlign(Paintlc TACENTERt);

TexctOut(PaintDC,(intX32O*width/640.O), (intXIO*height/480.0), title, strien~title));

SetTextAlign(PaintDC.TA LEFT);

Teout(PaitD ,(intX(onigindis.x+5O)*width64O.O),
(intX(origin..dis-y-18O)*height/480.O), *Discrete\O", strlen("Discrete\O*));

* ~TexOut(PaitDC,(intX(originden.x+50)*width/640O0),
(intX(origin~den.y-l8O)*heigjitl48O.O), "Vortex Sheeffl", strien("Vortex Sheet\O*));
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//wemin the dmato beplatted

* //sANX the firet line

while (noxicherl-InlAnexicbiarlIO0)
Maechar - ScWlO"Y

* //scrap, the mooe hone

while (nexlcharl-IMl3&nexchartin10)
nexdihar - etic(plot);

neica -1;

I/extrat the number of points~per line and the number of lines

//read the third line, looing for the first equal sign

while (nextcharl-61)
nextchar - getc(pkloO;

aextchar -1;

//Continue reading the third line, looking for the first second equal sign

while (nextchark-6l)
nextchar -getc(plot);

' 4 //rea the pointper line

ftcam~pot*%d".&points~per_line);

SI~//Continue reading the third line, looking for the first second equal sign

while (nextCharlt61)
nextchar -getcolot);

4I

//scrap, the rest of line

while (nextcharl-13&&nextchart-10)
nextchar - getc(plotO;

0 Ialocate mezoosy fo strn tepoints' that describe the contour plots

paint - (SrUct D7POIT * ) lOc((linespoints~perjine)*sizoof (stnzct D7POInT);

llred the point data

for 0-0; i<liner i++){

for 0-0; $~points-per line; j++)4
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The first data value on each data line of the file is discarded by reading it into the

dummy variable. Note that only five values are provided on each line instead of the seven

provided in the data files described previously. The maximum and minimum values of

circulation for the discrete and density plots are calculated during the data reading

process.

/read the index into dummy, read the radius into x, the chord into y, Gdiscretc* 1000 into z. and
I Gdensity*1000 into r

fcanf(plot,%"/,d % /dY YYJd *, &dummy, &pointsli*poinls..perline+jjl.x,
&pointi*pointsjerine+jl.y, &points[i*points..pr.line+j].z,
&poinipointspline+jl.r);

//find the max and nin values of the discrete and density values

max discrete max(oints[i*points.erline+jl.zmax_discrete);

mindiscrete min(pointsi*pointspr.line+jl.zimin_discret);

max density max(points[i*pointsper line+jl.rmaxdensity);
4

winjdensity = min(points[i*pointsper line+j.rminjdensity);

)
)

The first step in drawing the contour plots is to loop through the data points. A

weighted average circulation strength is calculated for each point using the adjacent

points. The weighted average is cast as an integer index on4he same scale as the pens and

brushes (0-6) and used to select the appropriate pen and brush. The vertices of a polygon

are calculated using the coordinates of the adjacent points, and the Polygon function is

used to draw the polygon. The Polygon function receives a handle to the device context,

the address of an array with the vertices, and the number of points in the array. It causes a

polygon to be draw with the pen and brush currently selected into the device context.

* /foop through the points

for (i-0; ilines-l; i++) {
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for Qj-1; j~ontpwerla-l; j++)

//alculo the color to -d the polygon on the discete plot by calculating
fl an amerp at the valn. of bound circuation at the vertices4

id - (ints.oo(iPcintsperjoinegj-n+jJ.z+
pdoiie(i+1)Spoiaeperline4jJ.z+poins(i+l)*pointsperlne+j+1 j.z+

# select the appropriate bnob and pen

Seetoe(PaiatDCbPenfidl);

o I~~/amiga xy values in screew coordinae to the vertices Of the Polygon

polyfO.x - (intX(origin~djsx+sle*pointsi*points_.perinc+jj.x)*wjdth/64O.O);
poly(OJ-y- (int(origindOis.y-le*points(i*isperinesWi+jJ.y)*height/480.O).
polylli.x - (intX(origin..djs.x+scalecpoints~i*points~perjine+j+i i.x)*widthl640.O);

poly121. - (intX(origin dis.y-scalepointsl(ipont e-iej+l .y)heigbt/ 8.0),
* poyI2Ix = int~orjgn dj~x~salepons i1)*points..pefrjine~j+1 j.x)*width.640.0);

polyI2J.y - (intX(omgndjs.yscale*pointsj(i+l)*pointsj Cjji+ +Jy heigh /IgoO)
poly[3I.x = (intX(origndi.x+scale*pointsj(i+l)*points.perýline+jl~x)*width/640.0);
poly[31.y =(intX(ofgndjs.y-scale*pointsj(i+1)*points~perfine+jJIy*height/ 80.)
poly14l.x (intX(originis~x+salcpoints(i~points..perline+jJ x)*width/640.O);
poly[4J.y - (it~rgn&ysacpitiipit_~iM hih/8.)

I/draw the polygon

Polygon(PantDC,poly,5);

4 ~The process is repeated for the density plot.

i/calculate the color to pan the polygon on the density plot by calculating
II an average of the values of bound circulation at the vertices

id - (intX5.O*(((pojntsipoints,..p fine+j~it(il*ons.ejn+~r
* ~ ~ ~ ~ ~ _ pons(+)p~ fsprine+j+JJ.,4pointsli*pointsp~er irne~j+l J.r)/4 0)

-mis density)/(mnax densty-win dnsity));

I selec the appropriate brush and pen

Selectpen(aintDC~hPenlidl);
SelectKject(PitDC, hBrushlidJ);

llassagn xy values in screen coordinates to the vertices of the polygon

polyjOj.x = (intX(origindenx+scale~pointsli*points~perine+ji.x)*widtbW640.0);,
poly[OI.y - (intX(originden.y-s=le*pointsji~ponts~perj ine+ jy*eght/S.)

opolylIIx - (intX(orignden.x+scale*points~i~points~peIrjinj.y)*hwi t/480.0);
polylI~ (in~(ondeny~saiepintfiponts~erine+j+ll.y)*heigdtI4S0.0);

poly(21.x - (intX(originden.x+scale*pointsl(i+l)*points..perline+j+lJ.x I*width/640.0);
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poMy2J.y - (iMtX(aradeaMY.Ie*po Rt(i+)*Pints..perine+j+ll.y)*heigu/48O.O);E
p*1y31.x - (iMtX(ora_.daxisakpojnts (i+ rpoin..perlin +jI.x)*widh/64o0).O)
potly3.y -(iatX(w&OdgnuY-B.kPOab((i+)SpOiafsperji +jl.y)hei ~ghL480.);
poly[4J.x -(intX(andeamx+ucakepoints(i~points_.ejin+jl.x)'width/640.O);
POIY[4I.Y - (intX(oniendVY-kpointslinl itsWfine~Jly)Th eigh t/48O.O);

//draw the polygon

Polygon(PaintDC.poly,3);

A legend is drawn by using the Rectangkc function to draw a series of rectangles

with all of the colors used in the plots. The maximum and minimum circulation values for

the two plots are drawn to indicate the scale.

//draw the plot legendl

for (i=O;i'z6;i++)(

I/select each pen and bru~sh in turn

SlelctObject(PaintDC,hBrush[iJ);
SdlcctenfPantDC,hPenjij);

lldraw a small rectangle for each color under each plot

Rectangle (PaintDC,(intX(origin dis.x+7O+i* 1O)*widtb/640.O),
(intX(origin~il.y+5O)*heigbt/48O.O),
(intX(origindis.x+70+(i+l)10) lwidth/640.O),
(intX(origindis.y-60)Oheight/480.));

Rectangle (PaintDC,QintX(origin den.x+70+i*1O)*width/640.O),
(intX(originden.y+50)*height/480.),
(intX(origindenmx+70+(i+1) 1O)*widtk/640.O),
(intX(oirigin~den.y-*60)*height/480.));

/111"e the legend with the max and min values

length- Sprintf~buffer, %2. If %/2.1fr, in discrete, maxdiscrcte);

TextOut(PaintDC, (intX(origindis.x+60)*width/640.O),
(intX(origin...ds.y+70)*heightl4sO.O), buffer, length);

length-=sprintf(buffer,00/2.lf e%2.lw', in lensity max-density);

TextOut(PaitDC, (intX(oniginden.x+6O)*widtb/64O.O),
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(uasX(origiaden~y+70)heigh/4300).O bulfr, length);E

//select t6c origina pen back into the device commd

Peleie (PgiaD)CAhOld=); c

An axis is drawn to indicate the radial and chordwise directions on the plots.

* I~/define the axis origin

oninaOx -~ (iatX3O*widtW640.O);
onginaxisy - (itX48O*height(640.O);

1/1"be the axes

length -prntfbufer, "Radius*);

TextOut(PaintDC, (intX(originaxis.x+45)*width/640.O),
(intX(originaxisy)*beight/480.O), buffer. length);

length - sprintf(buffer, "Chord");

TextKut(PantDC, (intX(origin-axis.x)*width/640.O),
(jntX(origjnaxis.y-45)*heightI4SO.O), buffer, length);,

* l//draw the axesE

Mk~veTo(PaintDC,(intX(originaxis.x+3O)*width640.O),
(intX(origin..axs.y)*height/480.O));

LineTo(PaintDCQintX(origin_axis.x)*width/640.O),
* (intX(originAxis.y)*height/480.O));

LineTo(PaintDC,(intX(origin_axis.x)*widdk/640.O),
(intX(origin...axs.y-30)hbeight/480.O));

//select the original font and brush beck into the device context

SelecFont(PantDC,hOidFont);

SeiectObjectqPaintDC,hOldBrush);

* The font, brushes, and pens created for this function are deleted.

I/delete the foot, brushes, and pens created for this flmction

Delteont(hFont);

* for(i0O;i<6;i++)(

DeleteOhject(bPen ji%)
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)i)

C4.0 TMe paintcp fuation..

SThe paintvcp function draws the fluid velocities at the blade control points. The

function receives a handle to the device context, a point indicating the origin at which the

plot is to be drawn, and a pointer to the FILE structure that describes the file used to

provide the plot data.

Vold paivcp(HC PaintDC, POIfr ogin, FIRE *plot)
{

* declare variables that are defined in the pfl.c file and that *
* will be ued in this function *

extern float scalefactor,

extern stmuct D7POINT{ /*7-Dpt*/

float x,y,z,r,u,v,,

I D7POINT;

• Variable declarations *

struct D7POINT *point, //pointer to 7d point array used
fI for reading and storing
II description of hub

float width, height, /display size scaled to 640/480
X.Y, I/3d point converted to screen

l coordinates
scal-15.0, //scale factor to fit plot on screen
-ldocity acale-0.O05, //scaie factor for velocity vectors
axis - 2.0; //scale factor for the axis plot

Sint k , /loop coun.ter

nXtchal-l. Ilused for reading input filefl character by character
Spoints-pwrne, /ldimensions of array of xyz
HAM II points describing the hub
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4 S

leagth /Aength of text output stuings

S1abu 1201; //character string for text output

HME hbPa2l bOldas; //pens for drawing the plots

PoI ougUais; /onrign for drawing the axis plot

4 HP IIor hFoKO o I/fonts for drawing the text output I

After variable declarations are made, the function creates a blue and a green pen

for drawing output and gets a handle to the device default font. The size of the dis•play

area is calculated. A scale to be used to plot the data is calculated based on ustr input

provided with the PBD Plot Geometry dialog box.

I //create a blue and a green pen for drawing the control point grid and the velocity vectors 5

hPenlOl - CreatePen(PSSOLID, I, RGB(0,0,255));
hPenl II CreatePen(PSSOLID, 1, RGB(0,128,64));

I/get a handle to the device default font

SWhFont = GetStockFont(DEVICEDEFAULTFONT);

lldetermine the width of the display in pixels and the height of the display in raster lines and cast
//them as floats

width = (float)GetDeviceCaps (PaintDC, HORZRES); 5'
height = (float)GetDeviceCaps (PaintDC, VERTRES);

//since the normal display aspect ratio is 4 to 3, ensure that the graphical
fl output made by the program is in that aspect ratio

if((Wdth/height)>(4.o/3.o)) S
width = height*(4.0/3.0);

else
height - width*(3.014.0);

f/select the device default font and the blue pen into the device context and save handles to the original
font p

4 l and pen

hOldFont = SelectFont(PaintDC, hFont);

hOldPen = SelectPen(PaintDC,hPen[Ol);

4 Iladjust the scale factor by an amount determined by the user

scale =scale factor *scale;
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The data is read in the same n, er as desIbed in section C.4.7 above.

Oweud inthe MeIobe Ooded

//Mw as th*S line

while (negharl-1M&noichm-10)
Satchar - gewiot),

anvachr - 1;

//scrp tA Second line

while (nexchsr=-!3&&exlldmrl- 10)
mextohar - gcplot);

nexclar -I;

//Iedxthe number of pointspwline and the number of lines

//end the third line, leoking for the first equal sin

while (netchar-6 1)
netchar - gptc(plot);

nexichar =;

fliconmane reading the dtrd line, looking for the second equal siu p

while (nextcharf-61)
nexktcar - getc(plot);

//read the pit per line

ftcanf4plot,*$d,&points~perjfine);

nextdchar-l;

/Iconinue reading the third line, looking for the third equal sig u-p

While (nWextch-61)
nVechar = ptc(plo);

Ilucrap the rell of line

while (nxicharf-l3&&nextchartI=10)
netchar - gpc(plot),

sllecate mermoy for storing the pont that describe the control -ont and
l the velocity vector associated with each control point

points - (utruct D7POIN * ) malloc((ines*points.pe..ne)*sizeof (sruct D7POINT));

3, 5
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/heed and Sion the pon dab4

hbr 0-0; 144iaai++) 4
for Q-% j;ons-perline J++)

hcn()of~w tdfwyf%f .&fw, & i~poiper-wine+JIx
600 po~iatpoliMsperjine~jj.y, &[polai~pointS -eanejJ.z,

&Dpotsji~poiobs.perlint~j].r, &pointsi*poinls..pejine+jI.u.
&;poi~pomnls...perae~jjv.v &*o~int points....erlne~jI.w);

Tbe Plot is labeed, the axis origin is calculated, and a wireframe diagram of the blade control
points is drawn in the sam manner as is described in section C.47 above.

/fA"e the plot

SetTextAligo(PaintD,TACENTER);

TextOuKgtPanDC,(intX32O*widWW64.O),
(int~l0*heightI43O.O), -VELOCITY AT CONTROL POINTS V)
sbrenVELOCrrY AT CONTROL POINTS~w));,

SetTextAlign(PaintDCTA LEFT;

//define the axis oigin

originaxs.x - (intX4O*width/640.O);
originapxisy - (intX4l0*height/640.O);

fl drawwireim darm

for 0(i1 i<Iines i++)(

do. ~peectionjiointsi~pointsjIerinej.x, pointsli~pointsjperjinel.y,

pointslipoints..perjine~z. &-X &Y);

MloeTo(PantDC,(intX(origin.x+scle*(X))*wkidtb640.O),
(intX(origin~y-ecale(Y))hbeight/480.O));

for aj-'. j<pointsier ine j4+)f

ontioa~qepointsi~pointS..perjie~j].x, pointsfi~pointsperj ineji.y,
poinftsjipoinftsperjinerI.z &X &Y),

LineTo(PainD,(intX(origin.xscae*(X))*widti/640.0),
(intX(origin.y-scale*(Y))*hegb/480.0));
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FilbuJ.z. AX~ &Y);

MMTO(PaintM(iatx(orsLx~ucai.( ))widbM4.O).

(IatX(W4*iay-sMW(Y))*b*Wb~480.0));It

poinwui'pohisfpsr-jiniwjiy, onipit ie

LinTo(PaýnD,(intX(originx+scalc*(X))*widh/640.0),

(intX(origin~y-=cO()*height/480.O));

//wkac the green pen and draw the veloictes

Sdekct~aPaintDC, hPen[ I%)

After the green pen is selected, the velocity vectors are drawn. The vectors are

drawn with the tails at the control points. They are drawn using the LineTo function to a

point displaced from the control points by the velocity components scaled by a velocity

scale factor. The rotationjprojection function is used to convert the three dimensional

points to two dimensionsal points for plotting on the monitor or printer.

for 0-0; i'line i++)4

for (-0junO; pintsjerji;j++)I

retation, P on ntSliPOinft-WerAnC+jl-x,
pOintsji"pOiaftperne~j].y,

poWISI~Padntsje-ROAn-jz, &X~ &Y);

MioveTointDC,(intX(origin~xlce*(X))*width640.O),
(intX(origin.y-ce*(Y))*beight480.O));

nWiw~qco~intsper nt_ i ne~jl.x+

pdoiatysfipoinuzrineipojJ W~inv,-u
paintsi*poiats..erlie+jl.z~veodtyapcale*

poin~ioinhsper iae4fl.w. &X~ &Y);
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LiinTO(PaimtDC(irAX(or4gix+sucaleQ))%ith'640.0).
(iWX(m4 y-cmWem )h*lSht480.0));

An xyz axis is drawn, rotated through the same pitch, roll and yaw angles as the

//uiec the original pea ifto the device context draw and label the (xvyz) axes

0eec-2 (PinDC hOWe);

roitiiwi-projection(axis + 1.0.,0.0, 0.0, &X, &Y);

length - qwinti~buffer. "x*);

TextOut(PaintDC (intX(originhAxis~x+X)*widtW'64O.0).
(intX(originaxis.y-Y)*heigWt4SO.O), buffer, length).

rotation~wojection0.0, axis + 1.0, 0.0, &X, &Y);

lengt - Wpintfrbuffer, *y*);

TextOUtPaintD (intX(originAxis.x+X)%width/640.0),
(intX(origin..axis~y-Y)*beight480.0), buffer lengt'

rotation-Pojectiaa(O.O, 0.0, axis + 1.0, &,X &'Y);

lengt - qWing~lbuftr, *z";

TecxK~ut(PaintDC, (intX(onginaxis~x+X)*widIW6O.0),
(intX(odgin...aisy-Y)*height4W.O0), buffer, length);

iustiom..Projticm(axKs 0.0, 0.0, &X, LY);

MuveTo(PantDC,(intX(oniginaxisx+X)ewiddi640.0).
(intX(ocgnjnaxisy-Y)*height/480.0));

LineTo(PaiftDC,(mntX(ofiginapxisx)*wjdt640.0),
(lntX(o'Gin..ad,dy)*heih/480.0));

rAiadamjrojecio.0.0, axis. 0.0, &X, &Y);

Linero(PaintDC,(intX(originaxis.x+X)*widd164.0),

(utX(oedgn..axs.yY)*heght480.0));

nrtiiomProjectio.(0.0 0.0, axis, LX, LY);

NIyveTo(PuizgC,(intX(originaxisx+X)*wldthI4O0),

(inIX(orn&axikY)*height480.0));
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LasTO(P&im X(odgin..axis-x)%&Idd1M .O),

(iWX(o&naxP y)*hb* 43O.O));

AMecst the mix" hto bak ina the devke wooted

SeetFOuaDMC•h .a);

The peans and font created for this function ame deleted and the allocated

nmanory is freed using the frie funMction.

//delte tln pie and fat crad for this fincdoas

Xjec•t•hgaOD;
Diet ect(hMe( 1);

DeWo(hFomt);

/fre the aocated memory

-(pohm );
)

C.4.11 The paint cmv function. *

The paintcmv function draws a plot of circumferential mean blade velocity plot to

the passed screen or the printer. The function receives a handle to the device context, an

origin for the plot, and a pointer to the FILE structure containing the data. The function

works in the same way as the paint vcp function except that a wireframe is not drawn.

void pa-_cmv(HDC PaMoMC POMnr origin, FILE *plot)
(

"* ddcare vaiables that are defined in the pll.c file and that *
" will be ed in this fnctiom *

eimn flot sak•laert;,

exten street D7POINT ( / 7-1) pt/

float x,y,z,r,u,v,wr •t

D7POINT;
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IF

*Vullh dularalam

OWuc D7POONT point; I/pointer to 7d point array used
fl for muadms and storing
fl description of hub

flag wdth, beiht //dsplay size scaled to 640/480
X Y. //d point converted to screen

fl coonmad

scale-13.O, //scale factor to fit plot on screen
veloclty sCIIISFO.2, //ucale facor for velocity vectors
axis 2.0; I/scalee fctor for the axis plot

int ".o /Aop counters
nexichar-1, //Ased for reading input file

fl character by character
numkpoints. //toal number of points to plot
length; /fength of text output strings

char buflbrf 1201, I/character string for text output
titlfi //plot tide
"CIRCUNMERENTLAL MEAN BLADE VELOCrrY-,

HME hPen, hOldPen; //pens for drawing the plots

POWN origin-axis. /Iorigin for drawing the axis plot
plotjpointf2j; I/array of points for plotting the

//velocity vectors

IHFONT W~ont. hOldFont; M/onts for drawing the text output

I/create a green pen for drawing the velocity vectors

hPen - CreatePen(PSSOUJD, 1, RGD(0, 128,64));

I/get a handle to the device defoult foot

hWont - GetStockFont(DE VICE DEFAULTFONi);

fI/deernmie the width of the display in -it sand the height of the display
# in w"erlines andc~astthem asglumt

width = (floAt)Get~evlceCapu (PainIDC HORZRES)
height - (floa)GeIDeviceCaps (PantDC VERTRMS;

/Ms=c the normal display aspect ratio is 4 to 3, ensusre that the graphical
fl output nade by the program is in dthatspect ratio

width - height*(4.0I3.0);
elme

height -width(3.0/4.0);
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I/uhe the device ddk hto and the gres pen twos the device coumot andk

#I~M hWAAU 10 *he 04001016i ho d pm U

MR=ue 1. 1hU~ oue);

IIad4io the aceal hetor by an amount deternmied by tie amne

scale - scale botar * sak,

Udraw the tids to the device COMOdei

SutextA~dMg(PuntWDC,TACENTER);

TextOut(PntDC,(intX320*idtW64O.O), (intXlO~heigbt48O.O),title, strien(title)).

SetTextAlign(PuintD,TALEFI);

I/read in the data, to be plotted

//scrap the first line

while (nexchart-l3&&nftcharI-lO)

saexchar -1;

//scrap the second line

while (nextcharl-13&&nextchart-lO)
nexichar - getc(plot);,

ne2chr -1;

llexract the total number of points

//read the third line, looling for the first equal sign

while (nextchart-61)
nextchmr - getc(jlot);
=Itcar-;

/Icontinue reading the third line, looking for the second equal sign

while (nextchmrl-61)

i/read the -mIer of points

I/scrap, the rest of line
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while (mosicheut-I3&&amsentc-I0)

Smachar - PtoPiloO

/rhad and plot the velocity vector date onm data pon at a thee

I/Aoo thrwug nl of the dota -os
hr(l0t i<mmapolnts I++)(

//reed the data into a 7d point

p~ot,%~f~fW~ ftQoint x. ApoinLy, &4IoinLz, &pointu, &point.v, &pointw);

/Icalculate the scencoordimate of the root of the velocity vector

rota onprojetio(point~x, poinLy, pointz, -X. &Y);

llaasign the X and Y screen coordinates to the first point of the plot~point array

plot~pointfOj.x - (intX(origin.x+scal*(X))*widthI640.O);.
plot pointIOJ.y - (intX(origfm.y-scak*(Y))*height/480.);,

llcalculate the scren coordinates of the tip of the velocity vector

dotin-po oD(poinLx+velocity-scakepoinLu. pointy+velocity-scalepoint.v,
poinLz+velocityucale~poin.W. & A n.Y;

Iasuag the X and Y scren coordinates; to the first point of fth plot..point arra

plod~poinsij).x - (intX(Originxfscae(QQ))width/64O.0);
plot~pointqlj.y - (intX(origin.y-s~ca*(Y))*height/48O.O);

I/plot the vector Msa polyline

NiePointDCplot-Poiflk,2);

/helect the origina pen into the device context draw and label the (x~yz) axem

SelecI~aPitE~C, hOldPen);

lldeflne the amd origin

origin ax~x - (intX4O0idW/64.0);
origfin axsy - (intX4l0*heght"6O.);

mutdon~precdosaxis + 1.0,0o.0, 0.0, &X, &y);

Textgft(antDC (intX(originapxis.x+X)*widW64.0),

(intX(origin.,axisy.Y)*height4lO.0), buffer, lengt);
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,fIosjP.*~tom O.O axis + 1.0. 0.0. Ax, AY);.
lengt - wuit~buft, 'Y);

Todoka~i(PlaD (iatX(orndga.AXlix+X)%wIdtW64O.)

(iatX(oraxlLy-Y)*bgit/480.0), bufte. leugt);

rownosjnctiON(D.0, 0.0, axis + 1.0, X,&Y);

legh-qwind~buft.r, z);

Text~ut(PAintD, (IatX(orgnapxis.x+X)%iddiM4.0),
(igtX(orignaxid~y-Y)%hight/480.O). buffer, length);

robwton-pwjection(axis, 0.0, 0.0, &XY)

MuveTo(PaintDC,(intX(orlginxis.x+X)*with/640.0),
(intX((orgina;xis~yY)*height/480.O));

LineToPintDC,(intX(origirai~px)Owidth/640.0).
(intX(orgnapxis.y)*beght/450O));

roW XonjijC~tion(0.0. axis, 0.0, &X, &Y);

LineTo(PaintDC,(intX(ornginaxis.x+X)*widhth640.0),
(iatX(odiginaxis~y-Y)Oheight/480.0));

rotation-aprjection(0.0, 0.0, axis. AX, &-Y);

MloeToi~ntDC,(intX(orgnaxisjc+X width/640.0).
(intX(originaxisy-Y*height480.0));

LieaTo~nDC,(iatX(originaxis.x)*widt/640.0).
(intX(oiriginxisy)*height/480.0));

//seect the original font back into the device context

SelectFout(PaintDC,haldFout);

//deb*l the pen and foot created for this function

DMMbek t(Wen);
DeleteFont~hont);

CAM.1 Ihe paiukrdc fumcdo..

The paintjd function draw. a plot of circulation vs. radial position using data from a

PBDOUT.ItDC or PEDOUT.SGR file. The function receives a handle to the device context and a pointer

to the FILE structure that contains information about the data file.
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voidl pdamc PzM• FM• *ph)

*Vwlab doaratioun

char bma1n2OL /kharacter string for text output
tide(i$'; /Aitle of the plot

jut I/,Ifoo counter
ImAf at points to be plotted

decimalplaas -2, I/indicator of decimal places
l to print in y-axis labels

nextdchar-l, /used for reading input file
// character by character

shift-3, //number of pixels to shift
fl y-xis labels

length, /length of text output strings
delc -30, /Ix and y spacing for graph in
dd_.y2O; fl pixels

float width, height, //display size scaled to 640/480
ddtaG, //difference between max and mran

flG
maxG--100.0, //max and min circulation
mink-lOO0.0,
maxVr=,O.O; //max radius

float r, /lpointers to float arrays for
SG; fl radius and circulation

• decare structure variables

HPMN hPlotPn, //pens for drawing the graph
hThimckP~,
hThinen,

IHFONT hFiat, M/fonts for drawing the text
hSmalont, //output
hOldFntlI

LOCIONT Wont; I/logical font structure for
fl creating fonts

HBRUSH hBrush, Ifbrushes for drawing the graph
hOldBrusku

POINT oigin'-(170,300}; florigin of the plot in screen
//coordinates
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POINT point i/pont to an aray of points

• diuan ds Wias aofthedevice comnx to be written to. this
• allos the etim to be device independent

The function creates a blue pen for drawing circulation versus radial position, a

thin black pen for drawing horizontal and vertical grid lines, and a thick black pen for

drawing a frame around the plot. The function also creates a hollow brush, and small and

normal sized fonts. The display size is calculated.

llcrete a blue pen for plotting G vs. r and a thin and a thick black pen for drawing the graph axes

hPlalen - CreatePen(PSSOLID, 1, RGB(0,0,255));
hThckkPen - CreatePen(PSSOLID, 2, RGB(0,O,O));
hThb-Pen C-eanPen(PSSOLID, 1, RGB(O,0,0));

//create a hollow brush

hBrush - CetStockBrush(HOLLOWBRUSH);

//Set a handle to the device default font ' 0

hFont - Gettockont(DEVICE DEFAULT FONT);

//fill a logical font structure using the device default font

GetObject ont,sizcof(LOGFONT),&lFont);

//adjust the font size and create a small font for labeling the axes

IFont.lfileight - -10;

hSmallFont - CreateFontladirect(&lFont);

//select the hollow brush, default font. and thick black pen into the device
II context and save handles to the original brush, font, and pen

hOldBnash - SelectObject(Paint]C, hBrush);

hOldFont = SelectFom(PaintI:C, hFont);

hOldPe - SelectPen(PaintDC, hThickPen);

/Idetermine the width of the display in pixels and the height of the display
f/in raster lines and cast them as floats

width - (oat& ) DeveCaps (PaintDC, HOM ES);
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heigh - (float)GeDevicaCaps (PaintDC, VERTRES);

//dm ce U omal display apset ratio is 4 to 3. ensure that the graphical
//imt made by the progrm is in dot aspect ratio

if((wdfi)>(4.o•3.o)) (

width - heiglt*(4.0/3.0);
elft

height - width*(3.0/4.0); D

TIU AirM line of the data file is read character by character in order to locate and read the plot

tite,

/lread athe data to be pkoted

//read the first line and find the title

while (nextchar!-13&&nextcharl-10&tt ncxtcharl=34)
nextchar - getc(plot),

aextchar - getc(plkt);

while (nextcharl-34) (

titlclil--nextchar-,

nextchar getc(plot);

titleli]=';

//scrap the rest of the first line

while (nextcharl=l3&&nextcharI=-l0) p
nextchar = getc(plot);

nextchar =1;

The second line of the data file is discarded and the third line is read character by

character to find the number of data points in the file.

//scrap the second line

while (nextcharl-=13&nextchar!-= 10)
nextohar = getc(plot); p

nextchar -1;

llextract the number of points

//read the third line, looking for the equal sign

while (nextchar!6l)
nextchar getc(plot);

nextchar -1;
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//woatu, e readi the third line, looing for the econd equal sign
while (next~h'l-61)%

~nw - );

//nod the number of points

Scan1(plot,*W,&nuampoints);

//scrap the ret of line

while (nextchartl,3&&nxcharl-IO)
nexichar - getc(plot);

Memory is allocated for the radius and circulation data and for an array of POINT

structures that will be used to plot the graph.

//allocate memory for the radius, circulation, and point vectors

r - (float * ) malloc((num.points)*sizeof (float));

G = (float * ) nalloc((nummpoints)*sizeof (float));

point - ( POINT * ) malloc((num_points)*sizeof ( POINT));

The data is read using a for loop. The maximum values of circulation and radius

and the minimum value of circulation are determined using the same for loop.

//read the point data and check for the maximum and minimum values of G and the maximum value of r

for (i-O; i<num.points; i++) {

fscanfolot,"IM IM, 1. &rAi], &Glil);

maxG = max(maxG,Gjil);
minG - min(min.G,GliJ);
maxr - max(maxr,r[il);

The graph and the horizontal and vertical axes are labeled. A fbame is drawn around the graph

with the thick pen using the Rectangle fmctio.

I/print the itle and label the graph

Se(•Trwcign(PaintDC,TA CENTER);

TextOt(PaintDC,(intX320*width/640.0), (intX10*height/480.0),title, strlen(title));
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SetTextAip0WunIDC.TA LEVI);4

Te~i(PiUtdCQinIX(QrgnMx+l0*de -x+3O)*widh/640.O).

TeaidfntDC.(intX(odigia~x.60)*withi".O),
(igtX(oniity-6*del~y)*helgt/480.O),OG\O, strlen(UG)));

//draw the "hdot of the graph

R~ctngl(PantD, (intX(odgin.x)width640.O), (intX(origin.y)*heightl48O.O),

(intX(odgx+10*dO~x)*with640.O), (intX(origin.y-l0*del.y)*heigbtl48O.O));

The horizontal and vertical grid lines are drawn using a for loop and a series of

Rectangle function calls.

I/selec the thun pen and draw the horizontal and vertical lines on the graph as a series of rectangles

SclcctenqPantDC~hThinPen);

Rectangle(PantC, (intX(origin.x)*width/64O.O), (jntX(origin.y)*height/48O.O),
(intX(origin.x+i~deljc)widthI64O.O), (int)((origin.y-

l0*deljy)*heightI480.O));

Rectangle(PaintDC,
(intX(origin.x)*widthI64O.O), (intX(prigin~y)*height/480.0),
(intX(origin.x+10*del~x)*width/640.O\) (int)X(origin~y-

i~del..y)*height/480.O));

The x axis is labeled using the small font. The maximum and minimum values for

the graph are calculated and adjusted. The number of decimal places to be used in the y

axis labels is then determined.

/wIMslc the small font and labe the x-axis of the plot

Selectftnt(PantDC, hSmallont);

for~rO-i<l l;i++)(

length - sprnni~bfer, %/2. lt,(imtaxý.r)/O.O);

TextOut(PaintDC, (intX(origin~x-5+i~deix)*widtb64.O),
(intX(origin.y+lO)hecigWt4SO.O), buffer. length);
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/fafthe maimum. value is greate tim. mu, iue IM to oujilisht the maximum value as a round number4
d1 lbghty highe tha the maximum value, other-winse t the maximam value ta 0.0

ifrmax... >-- del)

max.0 - pow(I0.0,kflglO(ouaxG)))*

* (I.0+Ooos~mxjG/(pow(10.Ojk~florolO(nmaG))))));

maxOG -00.

flif the minimum value is lea than zero, use lop to establishi the minimum value as a round number
II sightly loww than the minimum value, othewise set the minimum value to 0.0

if(min..G <- 4de)

min-G - -(~pow(10.0,floor~logI0(fabmnin_))))*
(l.0+floor(6bs~minG)/(pow(lO.Ofooir(logl0(fabs(minG))))))));

else if(Minin >- 0)

mmn- G-O.0;

rIN the maximum and minimum values are very close together, spread them apart slighitly

if(maxG - minG<del)

(max_-G-maxG 0+0. 1;

if((miinG -0.!1)> 0.0)

mmiG =Gmin_-G-0. 1,

AMin the differemc between the maximum and minimum values

delta U = maxUG - minG;

if(fiWsmaxUG)>del)

decinmalplaces - minofloglO(MWmaxýG))),decimalplac);

deeinlplce =min(follbs(min..U )))ecimal-place);

Mabiel the y-axi based on the value of the decimal~places indicator

switchdecimalplaccsX

case 2:
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Woogt - upt~dftbu, W,(iatm)ýmx((i~kltaG)lO.OD));

To i(AintvDC,QMnX(0rigmnLx+ bift*440)*widlh/6.O),
(iatX(originy-34(i-1O)*delj')*heiag43O.O), buffer length);

bra*)

brmk 1:

length -qwintf~bkr, %W.Of',maG-(,(i~delta-GYlO.O));

TextOut(PaintDC,(intX(origin.x+
shift*3-40)*widtb/640.O),

(intX(origin.y-3+(i-lO)*del~y)hbeightl4sO.O), buffer, length);

brok-

cane 0:

length - s~mPritfbfr, "W. lr".maxo_-((i~deltakG)/1.O.));

TextOut(PintDCQintX(origin.x+shift*3-40)*width/640.O),
(intX(onigin.y-3+(i-lO)*delJ,)*height/480.0), buffer, length);

foe(iUO;i<1 1;i++){

length - sintitbuffer, "%5.2r,1naxýG-((i*deltakGy/1o.0));

Ted~dt~agCntDC(it(origjn x+shf*2-40)*widdW640.0),
(intX(oniginy.y.34(i.1O)*delJr)*height/48O.0), buffer. length);

mca -2:

kength - Winbufthr %M3f.3tmaxG-((i~deltakGy110.O));
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Tsx&(PnIatDCý,(imt(oidga~x4Ihlt*l4O)%idhM4.O),4
(itX(a ~y.3+(l-1O)*d-&y)'lfigW4IO.O). bier, leng);

ddak:

lenth m qralfo(buft, %OS.4rýmu~xo-((i'delta.GYlO.O));

Te(PdaiatDC,*WX(aign~x-40)*wWlW64.O),

(intX(origimn)-3+(i-l0O~del.y)heug4$140.), buffer length);

The blue pen is selected and the screen coordinates of the points to be plotted are

then calculated and stored in the point array. A circle is drawn at each point.

I/select the blue pen for plotting the curve 4

SelectNPaXlntDC, hPloften);

llcalcuAft the screen coordinates corresponding to each point (0,), store
fl the values in pomntlil. and draw an ellipse there

fou(i-O;i<numn..oints*i-4-)(

pointli~y - (intX(odgisLy-((Gtil-minGYdelta..G)l 1deI-y)*eigbitI48O.O);

Efipe(nitD, pointl.x-2, point iji.y-2, pointlil.x+2, point Iil.y+2);

A curve is drawn through the points using the Polyline fiinction. The original pen,

font, and brush are then selected back into the device context and the pens, font, and brush

created for this function are deleted. The memory allocate for data storage is then freed

using the fiee finction.

/p/OW the cum by drwing a polyin though the pit
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//select te orgia pen, 6@ and brush beck into the de-Ace context

S d Co l)d okat);

Se~bject(PanDChNd•); h)-I-l . (b'o A); t

S - ec), o p n)

D•dr Tha );
b•)Thckpm);

DdceaBnuhn);

CAM3 The write-outputt de function.

The writeoutput_fle, function writes an output file that contains all of the PLL ;

text data available in the Output Viewer window. The function receives the handle to the

output file selected by the user.

void v~e-puttMe out) )

•Variabl declarations*

Schar buffer,/pointer to a characer buffer

int num~bygm //number of byles read by _jred

Fe in; //pointer to a Me

C..3The write..outputfl fuithttois

The write output_file uses the malloc finction to allocate a storage buff PL ta

used for reading the data files and writing the data into the combined output file.

lalouate meloy for reading the files into

chafer -bufher*) linter tosa)characterhbuff;mt nu;y..lnmero ytsra b.ra

HFILE in; ll.o., 0_er to a• •ile



The finction tests for the existence of each possible output file using the access6

function. EAch file that is found to exist is opened with read access using the jopen

finction, is read with the - read fiuncton is, written to the output file us"n the Itwnte

function, aind is dosed using the jclose fiuntion.

I/1aand. mW wte to the ovezul utput Mie, ecwh wavaii output file

if (accewun'mmay-out¶ 0) - 0)
in - _jope.inam ay.out, READ);
.muRyWea- jread~in buffer maxkbufs);

IWrile(Out, buffer numLbywe);
-lclouwn);

if (aoceau(deal lout", ) -0) (
in - lIopec~detil lout, READ);
snk-kbies- -Iread~in. buffer max _bufsz);
_write(oMt buffer, aum bytes);

in - _jopen(detail.out, READ);
um)jtes- _ktadia, buffer, max*btfsz);
l*wieout, buflfr, numLbytes); 0

jcioue(in);)

if (acceu(%nhdsout 0) - 0){
in - -lopenCftrdiout", READ);

umbytesl- _jreadin, buffer. ma*_bufsz);
lwuriteout, buffe, anumbylcs);

if (accu(ductp.g, 0) - 0)(
in - jopen("ducto.go READ);
nuanbyes- _readin, buffer, maxjbufCsz);
jhnwriout, buffer, nusq bytes);

if (mccau"rsauout', 0) -0)(
in - jWopenemuout,. READ);
nuanLbI4m- _readin. buffer maax~bufsz);
-hiwwiouk. buffer, mnn...byles); 0

if (awwnwm-xi.ci 0)- 0)
in - _Wpar(nowu.xici, READ);
uun.)ytes _beadin, buffr. naaxbtfuz);
-wiwiieout, buffir. numnkb*ts);
_lcm(in);1

if (acceuu(' A ex.for") -0)
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is - -lopmnemaxi.be, READ);
3mm_ Iet- _d(lha. bIr. mxbufurz);
_WrWO(.. hber. mumsl,); pIlm~aa);

if(aMCCe('nInxi.-c¶. 0) -0) {
in - _lopaCnm&xpi . READ);
mmun WWte- lread(la, buffr, max ~but s);
jwiaedWo buffer munmnbyses);Ilau•,-);}

if (a=W(ommn.bar, 0) -0) {
in - __ea(mom.xiba, READ);
mmibm- _ad(in buffer, maxbt bu );

lWriteout, bufera. nkbytes);
lclome(in); )

C.4.14 The write pbd rdes function.

The writepbdfiles function makes copies of the existing PBD output files using

the output file root specified in the PBD Settings dialog box. The function receives no

arguments.
* S

void writcj.bd_fll yoid){

* declare variables thai are defined in the pil.c file and dtha
* will be used in this fiu *

extern char pbd..outptmoo[9J;

* Variable declsaratio *

char deIPMAXFILE + M)XO I; /destination file name

OIp hUCT ohourco; //data tucu containing
OFMUCr Mat II information on the opened file D

JFLE 11600009, //handles to the source and
hId // destinaion files

The function tests for the existence of each possible PBD output file using the p

access firncion. A destination filename is created for each file that is found to exist with

4N4
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the flunerg function. Ile flunerg function receives a pointer to a filename, a pointer to a

drive, a pointer to a directocy, a pointer to a file root and a pointer to a fie extension. The

functon builds a filename fromn the components supplie and stores it in the filewnae mrry

passed as the first argumus.

Each source and destinatio file is then opened using the LZOpenFile function.

Ile source file is copied directly into the destination file using the LZCopy function and

both files are dosed using the LZClose functon.

/fif the pbdmtibg file exisKs

- -eu~pdW.ib' 0) - 0)(

i/the.c a desdintio Mie tnam by merging the Pbd-oufputroo nme and
fl the ibg extension

duurg&LNUU.,NUql..b~ Wwot*lbg);

//ope. the uomve and destintio files

bhfsor - LZOpenFieCpbdoutibg &ofsoure, OF READ); *
hfdkst - LZOpeu~i~iedeat, &cfdest, OF _CREATE;

ftopy the -m Mie into the destinatio file

LZCopy'(bfuawmc. Wede);

//don both files

//repeat the Fpmne wfhr aD possble phd olpat file

if sCw(pbdoot~dk, 0) - 0)(
flerg(destNJLLI,Nljlbd~oumgproot~ocbdu);
bhfource -LZOpe.Fde(-pbdaoutcbir, &fsource, Of READY;
hfdest - Zp.Fl oesAikde OFýCREAMh;

LWed);

Km~ph~mgjW. 0)- 0)
fMer(dewXtNULLNUU]pbd om"utput um)

m Fouc P IZ .=File~idomiLud, &tofaum, OFyREAD);

405



Woo - LZOpcmFi~dsLdi &.afdos OF _CREATE);
LZCaPY~bbinrM bfdeg);

ii~magpbdinILcmv, 0) -0)4

bmee~daNLINUU~pd~outW-Motamv 3m);
bfuourv - LZDpemFile~pbdouLcmv, &cfAuroe, OFýREAD);
MWes - LZOpeoFiledest, &ofdeU, OFSCREATE);
UZCopAsm bfdeg);

Lzchbwvsum);

if(hupbdouLcmr, 0) -0) 4
ftnmergs(destNULLfNULL,pbdouqiuaroote,¶cmr);
bfsaurc - LZOpenFiie(Mpbdau~tWmr &iohm=e, OFýREAD);
bfdea - LZOpen]File(deua, &ofdest 0 CREATE);
Lzcogr,(hfamm.e hfdest);
LZWoue(hftsmr);
L.ZCIos~hfdst);

iaccesu~pbdout~totu. 0) = 0)4
-imerge(desLNULLNULL-,Pbd output-root(..to);,
hfsour- LZOpenailepbdouuou, &ofsourc, OFýREAD);
bfdrzt - LZOpenFile(dest. &ofdesL OF CREATE.);
LZCopyhbfsorce hfdest);
Lz:Ckoe(bfsourc); *
.LZClohfde);

ii~ccss~bdu~gp,0) = 0)4
fmerdge~tNuLL,NUIIL,,Pbdoutputr.oot¶p);
bfsourv- LZOpenFie~pdouLgspl, &ofsourc, OF READ);
Wedes - IZOpen~ie(des, &ofdest, 0FýCREAME;

LZCq*bfOhmwMWed)

if(acceuspbdoutuoF, 0) -0)4
fnmerg(desNJLL,,NULL,pbd outputroot,¶o1tq);

bhfuor - LZOpenFi~e(pbdoauksol &ofsomce OF READ);
hWnt - LZOpenFiledest &ofdcst, OFýCREATE;

LZpybbae. en)

il~accm('pbdwout.kq 0)- 0)4

flrere~eaNLLUL~pboupurog406q)



b~marc - gLZOP..UFLcpbdoumcb M, dou., OF READ)
h~ie- LZOpeaJFil~pbdin,&Mdut OFRaTE).FýEA

I ZC~p(bw bfd);

if(accmrpbdout~bm*, 0) -0)4
ftiwr~degNULL.NULL..Pbd-oudpu-rooc,.bsna);
bhaurc - LZOpemFdlcpbdaut~bma. &oAourcM Of_READ);
bfdea - LZOpeaFile~dest. &ofdeg,. OF CREATE;

LZcqwsw);il)

ii(accmurpbdouLsg. 0) -0) 0
fiacg~esWN1L,NoULIpdoutmurot(,¶sgr);

hfsource - LZOpenFile~pbdouLsgr". &ohwjM OF READ);
tkfdeg - LZOpenFiR~c~dst &ofdeut, OF CREATE);
LZCorA~bsource hfdet);
LZClowbfsource);

if(accs("pbdauLr&", 0) - 0)
h er(destNqlUL ý,pad~output-roo(~rdc*);

hfsow= - LZpnFilc(*pbdoutrdc. &ofsoure, OFREAD);
hfdea - LZOpenFile(deut, &ofdest, OF CREATE); *
LZCopy(hfsourc, Wede);
LZCIO6mhwjce);
LZCk=Wem~fu);

iI(accmsrpbdouLvcpu, 0) = 0)4
fnmerge(destNULLNULI-pdutputrooI,*vcpu);
hfsmourc - LZOpenFikcoxkxdou.vc. &ofsorce, OFREAD);,
hfdea LZOpenFilc(dest, &ofdestý OF REATE);
IZCo fsource, hfdcst);

LZClos~hfrumc);
LZClosedest);

iI~acceSS*pbdouLhdi, 0) - 0)
hmer~des,NULI,NuLL1,pbd output wo(,u.hdiw);
hfsaurce - LZOpeuFilepbdouLhdi*, &ofsoure, 0FýREAD);
hfdeM - LZOpenFidc(dest,. &.ofdest, OF CREATE;
LZCapyOhfowrcc hfdest);
1 lauwhfswce);

iI(awscw rpIbd-aer, 0) - 0)
:ftnae~esNUj L,pbd~oW~rotmcre);

bfsourc - LZOpenFilcourpbda.cr &cfsourc, OF READ);
Wfest - LZOpenFi~edest, &ofdest, OF.CREATE);

LZOqMosrm Mad)
LZoau(bbo&U);
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iwu 'w w pb d o O U ýN U L pds.u ~ o t, . a ) 0) - 0

bbmms LZApwFl~Counpbd..bu, &ahmmrc, OF READ);
balm - Z bcfiedw). &Mfdeat OF CREAMh;

U~o bfd 408
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C.5 Miscelaneous PLL functions.

The PLL Windows~m application uses 21 different functions in addition to those 0

already described in sections C. I through C.4. Two of the functions are used to handle ()
the Output Viewer window scroll bar input. Ten of the functions are used to write files

that provide input to the PLL and PBD FORTRAN executables. Seven functions are used I

to read standard PLL input data or project files and files written by the PLL FORTRAN

executable. The final two functions are used to initialize global variables and to delete

temporary data files. The function declarations are listed below in the order in which the 9

functions will be presented.

//scroll bar handlers
void WMVScrollHandkr(WN hWnd, HWND hwndCtl, UINT code, int pos);
void WMKeydownHandler(HWND bWnd, UINT vk, BOOL MDown, int cRepeat, UrNT flags); 0

//file writing functions
void write-inputfile(FILE 4blade);
void writeproject fle(FILE *blade);
void writefdadminflvoid); D *
void write_default_file(FILE %blade);
void write wakecalc.flel(FILE *blade);
void writedu4Iforcfile(FILE *blade);
void write-absnules file(FILE *blade);
void write-thsttorqfle(FILE oblade);
void writewkalcirc_file(FILE *blade);
void write miscfilcs(void);

//file reading functions
void ead blade file(FILE *blade, int component);
void eadwake_file(FILE *blade int component);
void read_inputx_fk(FE *blade);
void read_pjectfile Z.E blde);
void read..potfi(FLE 'blade);
void read.jlartfMe(FLE *blade);
void readunload dat-file(IE '*blade);

//misc functions
void iitialize(void);
void delete_files(int fieflag);
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C.5.I The WMVScroUHandler function.

The WMVScroUHandler function responds to WM_VSCROLL messages. The .

function uses a switch to determine and perform the required response. 4

void WMVScroIJHandlr(WM hWnd, HWND hwndCtl, UINT code, int pos)

(

The function uses a local integer variable to record the inital position of the scroll

box.

int temp; //temporary integer value used to
//detect changes in scroll
//bar position

//record the initial scroll bar position

temp - Scrol_Pos;

//this switch specifies the response the scroll bar messages

The switch responds to messages generated by clicking on the upper and lower

arrows of the scroll bar, the scroll bar regions above and below the scroll box, and clicking

and dragging the scroll box itself.

switch(code)

Clicking on the up and down arrows on the scroll bar causes messages with the

SBLINEUP and SBLRNEDOWN codes. The response in these cases is to increment or

decrement the ScrollPos variable by one. The ScrollPos variable is a global variable

that reflects the position of the scroll box on the Output Viewer window vertical scroll

bar.

//alter the value of Scroll_Poes as indicated by the message

cae SB LINEUP:
Scron -Pos-,
break;

cae SBLINEDOWN:
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{ saoW_•U++,.

Clicking on the scroll bar above or below the scroll box causes messages with the

SB PAGEUP and SB PAGEDOWN codes. The response in these cases is to increment

4 or decrement the ScrollPos variable by the number equal to the number of lines that may

be displayed in one page.

can SBPAGEUP:

{ Scroll -•,-Ln Window.

cau SBPAGEDOWN:
{ Scroll S Pos+-LinoeuWindow,

break-

The SBTHUMBTRACK case responds to the user moving the scroll box.

case SB•THUMBTRACK:
Scrol Pos-pas;
break;

}
)

4 The Scroll Pos variable is constrained to be between zero and the total number of"

lines of text being displayed, the current range of the scroll bar, by a pair of max and min

macro calls.

4 //ScrolPos must be between 0 ad the total lines of text

Scol Pas - max(ScrofLPOS);
Scrol-loP - minrotalLnes. Scr Pauos);

The scroll bar postion is set to the position indicated by the ScrollPos variable,

and the Output Viewer window is repainted if the new scroll bar position is not the same

as the initial scroll bar position.

llset the scroll bar position to that indicated by Scroll Pos

SeScroUPos(hWnd, SBVERT, ScrollPos, TRUE);
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I/filf Sog-ias bes dmp•d c the eweu i to be f mpmn •d

iKScwU_?Wt-Imp) ImfidaidtacW4d NULI. TRUE); .

C.4.2 The WMKIqdewn..Handler function.

The WMKeydowniHandler finction translates keyboard entries and sends

appropriate messages to the vertical scroll bar. This is done in order to allow the user to

contol the Output Viewer window vertical scroll bar messages using the Up Arrow, Down

Arrow, Page Up and Page Down keys.

void WMKqdwuHandlwer ND hWnd, UDN vk, BOOL fDown, nt cepeat UINT flgs)
f
switcvk)(

/IfN the up arrow, down arrow, page up, or page down key is pressed, send the appropriate message to the
# /scroa handler

This switch tests the unsigned integer identifier of keyboard entry messages.,p

Messages corresponding to the Up Arrow, Down Arrow, Page Up and Page Down keys

cause the SendMessage function to be used to send a WM_VSCROLL message with the

appropriate code to the Output Viewer window. This allows keyboard input to operate

the vertical scroll bar.

case VKUP:

S wAWMessage(hWnd, WM VSCROLL, SB LINEUP, OL);

cue VKDOWN:
{ Send~usageWnd, WM VSCROLL, SBLnEDOWN, OL);

Wre*

cae VKMOI
{ S mendleuae(hWnd, WMVSCROLL, SBPAGEUP, OL);

break,

case VK NEXT:
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Sem wMu (hwi, WM_ oL SB PAGDOWN, OL);

) p
)

C.S.3 Tie writeuinputjie function. S

The write_'mput file function is used to write temporary input files in the format of

stamdard PLL input files. The files written are used as input for the PLL FORTRAN

executable. The function receives a pointer to a FILE structure as an argument. p

void write nput_ fle(F•E *input)
{

* decare variables that are defined in the pll.c file and tdat will be used in this function

elten char RUN_( ID21], image hb, imaeduct, ringdjwopellemaxcompj,
BLDINIux.._comp][211, WKIN[maaxcompj(211;

extern int usecurrnblade NBLADEmax €compi, LDEV;
p

extrn float DCHD, DCD, DT.1K, DDIAK XDUCT, VS, RHO, DSHAFT,
XDLOClmaxcomp], XDIAMlmaxcompi, XWDIAMjmaxLcomp];

* Variable declarations

stnact date d; /Mdate structure

mit M /loop counter

/fH the date structure with the current date

gedate&d);

//write the RUN-ED line

flintf(mnput PROPELLER LIFTING LINE RUN: Va YddP/edP Mn, W
RUNIDd~da~mond.da daydda...ar);

//write the file description

frnfwil-put OVERALL INPUT FILE n);
S

#/write the ship spead
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*dwRiuput9EI ......Shp Woo (ft/=cMO.,VS);4

//wdw the fiid dof

4wisd~lmPK ...... Uu am i );

/Mt ft thet ambedim dupth

Oqwlapt~o . ..... Shaf coadiuse doot (ft)kn,
DSHAF;

//wvift tbe umbe owwompnew

duwt1iaPigOd ...... Nun*er of compongusmn'IDEV);

//wrile whether or nt an impg hub is usedt

4Whind.input, ...... Imiage hub to be usedtn¶ image hub);,

find~input,'%Ac ......No impg hub to be usedt", imageju)

//wrile whether or nt an image duct is used

*WdntfipK"Ys ......Image duct to be uwednz, impg..dc)

elseipk/s ..... No imge&x to be uet, image-duct);

//ufte fth duta data, if that isonw

//write the fduc chord length

Jpdiri x#frapu .......... (Duct chord iengthy (Component #1
dismeter)Wn.DO1);

//wit the dact dra coeffiient

I*aind~inpnt,.........Drag coeffiient for the dc~~C)

//writlte douct thicicneu

*rintIhiapnt.......... (Duct OddickessY (Component #I diameter)Wn'DTh);

//wite ath duc diameter
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*dm~ipik/ .. .... Dmud diameter (AM'~,4
DOLAM);

//write tdo b" axial loCRUM4

4wrhaKtl........ Axial location aldiact mid-chord (ftW)MaXU Tl)

hw(dMv*M4.DEVMf4X

/MftW= srw lmimage doct,

li~iampAact - W) (

//write whether or nad the propeller is ringd

if(dRigd-Propelir(Mj-.T)

fprintfinput,%YC component %d is\

a dnngd propeleukM r*. droerMJM+ 1);

else

*~intginput,ftA Component %d is not a~
ringed propeiler~n~rgd~prapeflerfM,M+ 1);

//write the axial location if there is more than I propeller

if(LDEV>l){

I4winfinput,"M .......... Axial location of component %d
(ft)WnXDLOCIMIM+l);

//write the nmbuier ofblades

I4iriaqfAnu,"6)6..........Number of blades an component %if",NBLADEIM1M+l);,

/write die diameter of the Propeler

O~ria~miput.W ......... Diameter of component %Gd (i)\n', XDIAMfMM+ I);

//write dke blade file -an

iF(,uIe curr blade)

*nputq.*wr%d.bMd File containing blade inputs for comp. Y".d~M+ I);

due
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ill -ms e containing blabe

4widtb*K ....... Diameter oawake for component %d (flM6)MnX IAM(M.M+1);

I/Wflsth *a *d fib ome

*dn~hWK-WdFile containing wake inputs for commp. %d~a*,WKEIMj)211.M+l);

I/zeo doe uae..curr..bhmdr flag

ine-curr blade -0-

C.5.4 The write.,pr*Jeq ii. functio.m

The write~project-file flmcton is used to write project files in response to

FilelSave Project selections from the main menu. The flincton receives a pointer to a

FILE structure as an argument.

void wftproject~fie(FILE iprq)

*declare variables that are defined in the pll.c file and that wfli be used in this funiction*

1xer char RUN 112 11. DMINPTFIL2OI;.

extmis LDEV, optinaierpm. cnue.a Mernaximize..tn- t no..untimneýOptions.

estbaekdoqtdrwulmiomsfla& estimaledamoping~fta NPANEL.,
ca-- -m -amjatiojLag wakeaOLfignuaem-fla csluatiu-ptimnizationjlag

chc4edO izd =_M~fl.& duct mema lineýf em&piricdlyOfla&,
psupldlerype-s...fa

extUU flaW - , RMt~masxcomap] &hmAffidea estioated duct Fircuatim
WmnprMtI duuW& propenaM llerfingthna rmik

thaWe~ui~,CLMAX, TOIDMAX, HUDCHDma~x~compl, TrIp. CDCON.
RHVOR, PLI, PU2, CONRAT, GAPFAC,

mutdalcamazaf Uer efied ateial1][21, rakef21;
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ki M /Aoopcounter

ORm the dift flrudmi with the curret diet

/Awrite the RUN-ED lIke

*di~mt j, PROPELLER LIFTIG LINE RUN: *It Yd/%dIW W.¶
RUNLID~d.damd~di..day.d.da~vear);

/twdbe h fibe dwcitoaM

IrpildIftp OVELALL PROJECr FILE Wn%2Os Overall inpAt

//write the RUN-ED

*kriaproj,-- RUN IDWu¶RUNjD);

//write the number iof mpmaMt

I4wind~ftjr-W ...... Number of couposnifts'nLDEV);

//write the rpm for each component

forM-O;M<LDEVM+-)

fuintf(jxoj,W ...... RPM of component Men RPMIMJM+ 1);

/Awrift the Opfimize rpm flag

Wadwj.65 ... .... Opdinfrzrp flag We, opfimize-rpm);

//wrct heOptimize dameterfla

*ioft~wýW ... .... Opdmize diameter fla&", opdimdizcmeWe);

//wrile the Mwmdiize thrue flog

*dastftips9w ...... MaLxmi Mw thrsw fl , inucNmzethwust)

I/wrte the Hoepw rrw hr mswduaz kingtra

..... orsepower for maximizing thrus', hasepiwer);
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IP.vM. th Threa mcdi.m hr Maxmizing tba~t

*lmRMX W....... Thrua oodcient fr inximang tutoadthngm1 deat P

Orkop~..............No mutme opin fAgW. aojuatmfisepdoma);

/Mwri th efatv d wake flag

*hd&4 w ...... Efictiw wake flaW~. Cfidkwake~flag)

/fthe0 Tu1 operatio fta

*dqwitP4"w %..........Tunel operaion w , hamael..peraaiosn.fag);

I/wrift the Dadt hI ,- fta

4rintlu roj," W .......cD fe cp flagen, &Okutctjr -..flg;

#twrite- tbe Duct ring vortex Ioce flag

lruristitrowow ......Duct ring vortex forces flag~n¶ uc" . rig.vsejrcja

//Write the 0Cir opt Wake align~meta

l4riastp~ro~fj, ......Circ opt wake alignment &Wg~, circ..optWAkealiPInenLflag; 0

/Awrite the Estimate dudt circulation fta

4whdw4-M........ Estmat dudcirclatin fl&',estimate dudt circulatinflfl

/Avift frj....Etmt ducttiat: o circulation flatg- - nfa)

I*isntdpro5 .. .... EAtimate damping flag~a, estimat dL(ampnfig)fb;

Itmrift the Estimaited duoct iwclaom

*ritfjiprqjf.........Estimated duct circulatiounW, estimatcd Pqcf~ld~)

I/wait the Torque ratio

4Wdw W..... Torqu ratioAN, torque ratio);

I/wite the DumpingP

j*imtftp~ ...... DanspingWn damping);

Iwft the Propeiler duct dnoa ratio

*rhlgjmtpm ...... Propeflr duct thust ratiOW, prcpilerO.uctjhnzst..tio);

I/wrift tMhe rpellr rnag thrst ratio
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lOrata1rt ....... Propeller rdn thn reati', pfl~erjring hrusaraaio);9

AMrilte asTbhd WINNO

*rhd~c............... M T .dtesi ..k- thrumkestimm);

/Maximum lif saeffluatse MCLMAX);ia

/Awrilk the maximumsddm Ihcnest chord ratio

£4windpatj.W ...... Maximum thickauias to chord ratioWn, TCHDMAX);

I/writle the mainimuma cbcrd/dineter ratio atihe root for each component

ft(M-0,XMLDV;M++)

4winaf(proj,*4f ...... Minimum chord/diameter ratio at~

the root foreach couponentWaUDCHD(MI);

//writle the tip thicliness to chord ratio

fpdariptf(o,W ......Tip thickness to chord ratio~n', flIP);

I/wrte the munber o(panels *
fprintl(prctj%d ...... Number of panel~n', NPANEL):,

#/write the drag coeficen multiplier

l*WtInU0ro, ......Drag coeffiient multiplier~n-, CDCON);

I/wrte the hob vortex radius to hub radius rato

4wft~pqW ... ....Hub vortex to hub radius ratioWn, RHVOR);

I/write the first Lagrange multiplir

qrimdtproJ,WE ......First I agrane multiplie~n', PLO1;

I/twrite the seconad Laprnge multiplier

Orlz~prqj,"W...... Second Lagrange mdltpliezn., PU2);

//writ e l contraction =dio flag

*hd~proj'ýW ... .... Contraction ratio fam&, contracton ratio MLOg.

//write the coarat to the fille

lfpriatPfrqjW4 ...... Contraction ratioWh. CONRAT);
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OriWake - fl.........aliWW eal flag);

IPMft the C.Od.AMý"dizO.DfAg

*d~d~p..............Ciculaio -~~Z~ fiI&O. Cif~OulkOtbationopifzoflAg);

/mifts the choldopduimizaomfiag

*rint~ocp1 ...... Chord optimizio flaWn. chcotmirat flag;

/t/rite the dct mean linefiag

4wia(P~,"I ........Duct swan fine fla&O, d&ctamanlinfLASM;

Itwrthe U~empricalvyckilag

14windtprovsw ...... Empiuical vod flagW, empirical vcd flag);

I/wrift the doct tip pap bcsor

4w~intf(p4 ....... Duct tip gap bactocui", GAPFAC);

//write the propeler type-flag

4xintrodjx,"d ...... Propeller type flag&M¶ propeller.Jye..flag);

//write the propeller material

1printf~proj,"'ud ...... Propeller materiaIhn¶ propeffer mnaterial);

//Write the user defined propeller material constants

Jprintf(proj,%f ...... Ultimat Tensile Stregth(ksi)\n".
materialconstantluser-defined material101);

l4riod~p4Wo ...... Specific WeighlMWW3)\nw,
materialconstantluser defined uiaterialliI[~

I/write the rake at hub and tip for abs calculations

Ijwint~proiW ......Rake at hul~nn, rake[Oj);

#~rintfxqjro. ......Rake at tip~n', rakef 11);

C.5.5 The write pbdadmin file function.
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The wnjtejpbdadmi_ffil fncionb write temporary PBD main administrative files

for use by the PBD FORTRAN exwctabl using the settings in the PBD Settings dialog

box. The flmction receives no arguments.

void writsjbdadminflle4vid

*declare variables dhat are defined in the pll.c fie and that will be used in this function

extemn char RUN 1D12 11, pbd rnititle(S I), imagehub. image~duct;

extemn iat NBLADE~unaxýcoinpl. NKEY, MKEY, ISPN, MCTRP. IHUB, IDUC,
MRPlN~ma*_compj, MLTYPE, NrIMCK, NDEF, NWIMAX NUMER RADWGT,
NUFIX, NPLOT, phd component;

extern float DGAP, TWIEAK, BULGE, HGAP, HUBSHK CDRAG, VS, RPMjmax~comnpj,
XDIAM~maxý_compl, XULT, XFINAL, DTPROP-,

*Variabl declarations I *

FILE proj, *dat, //Pointers to file structures

mnt i, j; //loop counters

float temp. I//mporary float for reading data
ADVCO; lladvance coefficient of the

IIpropeller, Ls=(Vs/nD)

//open the Edle to be written

proj - fopmncrrTpbd~pbd. *we);

I/write the RUN ID) line

f~Ipdiifproj,7BD 14.2 curspbcdpbd %ea Wn, pbdjrun,_itle);

/Iwrite fth -m of the busplin file

iqpoinVonent-)

fprintf(prqj."currpbdl.bsn~n");

else

tdrntf~prqj.currpbd.bsn~nu);
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//wrim the - afh duo docy fibm

~I * Kwqrwfbd~vefW);

I/hma W1uiK uby, ad Ekity

bdp* *Ad OM %d WNBADjpbd axupomsatI NKEY, t.IKEY)*

/twne ociup mid fts co@U -o

farQi-I; i<""MKEY-I; i++)

I/Avnto ihvkhM bppkrc dpp

Ifwindf~ro,"\n IMd (intX(float)(MKEYY/3.O));

fprindzftpuij,"v 0 )

if~ipd uctp4* Yd', I) ;

4rintigroj,- 0')

*rind~prc,q" ¶Yf~n* DGAP);

I//wift ax, -max nslyqeM mndihkk

tridagprojý %'d 1 %d %d 1W W, MRPINIpbd component),-MRPIN~pbd component]. MILTYPE,
MMhcK);

I/write iniode

//Write oumaix
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4wimdtpq4 %d \e', NWIMAX);

//mwut aier tweok, bule r&Adw mfix

*urndPI** %d Vf V %rI %d \,D, NrFER TWEAK, BULGE, RADWGT, NUFIX)

//Wrile aplot and huluhk

4i~adadPri, %d VW 'o. NPLOT, HUBSHK);

//wrile cdraS

4xintf(proi* %(¶~, CDRAG);,

//caicuaaeth IMdvanc coefficient, use 200 if the component is a stator and use RPM(OJ if the absolute

IIof RM jO1 is 4<3.O(akcady an adivance coefficient)

if(ftbsPMlpbdcomponent)<4de)

ADVCO -200.0;

if(fabs(PM[Pbdcomponentj)<3.O&&hdbs(RPMjpbdcomponentJ)>del)

ADVCO = RPM~pbdcpomponentJ; *
else

ADVCO - ((RPM[pbd-component]*2.0*Pl/60.0)*XDIAM~pbdcomponentj);

//write advance coeiffiient, xult, xnAM, and dtprop

fprntfrjwoj,"IYJVJdflt', ADVCO, XULT, XFINAL, DTPROP);

//qpen the file containing G, r/R, t/s, UA, UAU, UT, and UTU

ifjpbd...omponent-0)

dat - fopen(*PBDADM1.DAT", r

dat - fope("PDADM2.AT", Or");

11100P through the datm read from the dat file and wnte to the proj file

for(i-0; i<7; i++) {

fprintf~proj,"W);

forq=O; j<MRPINjpbdcomponentj; j++-)
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) )I/clm book films

C.5.6 The write default file function.

The writedefault_file finction writes the default value file that the PLL

FORTRAN executable uses to initialize the variables that appear in the Current Settings

menu of the original version of PLL. It receives a pointer to a FILE structure as an

argument.

void wi•tdeftaulfile(F•E *blade)
{

* declare variables that are defined in the pll.c file and that will be used in this function *

extern flet CLMAX, TCHDMAX, HUBCHDlmaxcomp], TIP, CDCON, RHVOR, PLI, PL2,
GAPFAC, CONRAT;

extern int NPANEL, contractionjratio flag, wakealignmentjl, circulationkoptimizationftag,
chord•_opimizationflg duct_meanjineflag empirivcalcdflag, LDEV,

* Variable declaratios *

imt M Ilcounter for the loops

//write die ma)xunm lift coefficient

trindtblade,* UAn*CMAX;

l/write the maxhmum thickne. to dcord ratio

pintMblade,YJ/J~n",TCHDMAX);
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/Iwuie the naMWMM cardodameter ratw at te rMot hbr eacl comnponent

//vale the tip thickness to chord ratio

4 4x*indblade.%Itn*,TTMP);,

//wnhe the number of panels

4intMakAdO,NPANEL);

//wribthe drag icoefficient multiplier

dwiblade,"%An",CDCON);

//write the hub vortex radius to hub radius ratio

//write the first Lagrange multiplier

fpid~bbadc,*%AnPL 1);

//write the second Lagrange multiplier

//write the Contraction ratio flag

fprind bl *OaeVdn*contraction ~ratio _flag;

11f the cointraction ratio fIlag -1,1th entry will be the default value, otherwise, must write the conrat to
fl1th file

if( contraction ratioflag - 0)

4 fprintffad *%tnCONP.A7);

//write the wake alignment flag

fprintf~bladed,walkcaliginnent flag);

4 //write t1k circulation optimization flagr

4ijntdRbade,'%d",cirrcation optimizatoionfag;

//write the chord optimization flag

4 1*rittlb AdeY.dchordtoptimization flg);

//write t1k duct mean line flag
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I• "Xbed,9a'.dacm inuliinfla);

* Ivaile the Unpirical-YOC&S

//Wrie the Aict tip Vap fuctu

* I~~wlant~blade,*$"~,GAPlAC);

C,&7 The write wakecad.rde fundion.

The writewakecalc_file function writes the file that is read by the PLL

FORTRAN executable to determine if the effective wake should be calculated and if the

component(s) is(are) operating in a tunnel. The function receives a pointer to a FILE

structure as an argument.

void write wakecaic _#FE *lade)

*deodao varbiabes that are defined in the pll.c file and tha will be used in this function

extern mt effive..wake flag, tunneLopermtionjflag

/Nwit the effewte wake flag

//write the unnelopeMation•f•ag
1 •it'bae%d',tn _lopeation flag);

C.5.8 The writeductforc file function.

The write ductforcfile function writes the file that is read by the PLL FORTRAN 0
executable to determine if the duct forces or duct ring vortex forces should be ignored and

if an estimate of duct circulation should be used and the value of the estimate. The

function receives a pointer to a FILE structure as an argument.
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void wrile 4uhctkic-flle(FILE .blae)

* declare variables that am dened in the plI.c file and tbat will be uod in dts function

exerit dudctng~yorexýfoces~fla dqfrcesflag. e amteduct-crcuiadionjfiag

S exfttem fotheemae duct ngvexE circflag ia

//write the duct forim fo a

//write the estima duct circulation flag

fprint(blade,",m dN',esimatedt circulaioflag);

I/write the estimated duct circulation

tn "/d,-%A,cammamd-duc-iruat),D
}

C.5.9 The write.absrules fde function.

The writeabsrulesfile function writes the file that is read by the PLL FORTRAN D V

executable to determine whether the propeller is fixed or controllable pitch, the rake, and

the material properties for the purposes of the ABS Rules strength calculations. The

function receives a pointer to a FILE structure as an argumeAT. D

void writeabsru•ls_• e(FlLE *blade)
{

* declare variables that are defined in dte pHl.c file and that will be used in this function

extemrn int propeletypefag. propellernaterial;

extern aoa materialconstantfuser definedmaterial+ 1121, rak[l2l;
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/uIwrb the mVoeijVtpe flt

IIwuift the matria UTS in hi

I/Weltle the windil icii weigh in IM per cubic inch

I/well the rakhddianidetr at the tip

//Write the rakrdianieter at the hub,

*wiud0bLzde,'In*,raWeIl);

C.S.1O Ihe write-thattorqfile function.,

The wnitejhsttorqifile finction writes the file that is read by the PLL FORTRAN

executabl, to determine the thrust estimate for the project and the desired ratio of thrust

betwee components two and one and the ratio of duct or ring thrust to total thrust. The

fiunction receives a pointer to a FELE structure as an argument.

void wricthmuWorq.file(FLE *blade)

decaresvribestatar aredefied inthe pll llcfie andth will be used in is fiction

aextrs flout trusk estimate, torque rato, proeller ductthrustratio, propell~rjin~fthrustyratio;

//wete- the thrust estimate

*dt~lckn",thrukednuue;

l/MMt the torquae tabo

4vhifdbade9GE5n,torque ratio);

I/Wnell the thrus ratio between the propeller and the total thrust for the ducted cane
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I/writ the thu ratio batwem the PqWele and the toead WWn fir the ringd came I

C.5.11 7u write witaldre-Iue fraction.

The write wkaldrc file function writes the file that is read by the PLL FORTRAN

executable to determine if the wake should be aligned during the circulation optimization

procedure. The function receives a pointer to a FILE structure as an argument.

void writewkalaircq ftFLE *blade)

{ S

* decare variables that e defined in the pl.c file and that will be.used in ths funion

extern nt c "rc/opt• wrake agnmcnt flag_

//write the dciýcopt- wakaligninent flag

C.5.12 The writemisc_ries function.

The write_misctfiles function writes several input files that are read by the PLL

FORTRAN executable. Some of the files are written using fprintf function calls while
I

others are written by calling functions described elsewhere in this appendix. The function

receives no arguments.

void writejujacilgvid
U{

*declare, variables that ae defined in the pl.c file and that will be used in this function *

extan Ro pbdkewamaxrdllmadnxcomp], pbd_rakenmaxradlnmax comp], damping. I-osp, owe,. nntodfc•
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xauut phi Akft WM&NIE WHEY. MRPDN4=naxqoapJ, ehmluedamping~fta
opdW cpdqbkiamasr mwmze-v unhlo&4 & math AR lei

MIE *0t; //pointer to a file stnxciu

ovua deftdt /d straure

ousu timest; I/ime Stftucre

ilt k;/fAop counr

These three blocks of code open, write, and close temporary detfult settkings

project, and input filem.

out - f~penctemp.dei, *w");

ftoedsfutfleou)

fcloie(oat);

-1 - A"Dpem(3eu.pf ow");

fclau(out);

lIfthe pbdfie flag flag is set, a temporary fie that is used by the PLL FORTRAN

executable to write the PBD B-spline file is written.

out - fopen(PBDDEF.DAT¶ *w);

fpfitf(ot," *Ad 5" NUEY, NUCEY);

for".- k<MRPIN[Oj; k++)

iprintf out,"%f Yeu, phi skewlk~l~lpbdrakelkl (Ofl;
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The next five blocks of code open, write and close temporary files that are used by

the FLL FORTRAN executable. Functions described elsewhere in this appendix are used

inthem blocks.

WA - iPinrWac~.Icm, owok

out OW, own1(S );
MWKAsm);

out - hpsc'ia(*d~oc.M*, W");

Mau(Som-i); w)

OUMiin *e(hIodq"e, *W");

Uw~iueitarfleou)

Si-PI~n hpa '*iie r, *w);
writevudifiie0oW);

The last four blocks of code write files used by the PLL FORTRAN executable by

usn fpdintfflmxon call.

out - IhpeadWda.flg*. l'w);
4ximm~mnfloK"3Pg)
MSoue(Si);

out - *IPm(aPdaau SWt, wmn);
il000sjh. rp) SiWOKAn);.
if~apdmize-diaWNe) f*duOWmi"Ba);

iS(=wmetchEARfl) 4wxigf(Si4");

iaonetiaLM00 da0u) IWOMKetI"i99u);
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Go*~M thuP=co~rdeu);

MlNOW);

*dAK -0&0d~ W ddo~aedmdidesm, 'we);r)

)C&.13 The rmad_.badejfBe fumed...

The read blade Wie fimnction read~s standard PLL blade data files. It receives a

pointer to a FILE structure and the component number for which the file is being read.

The function is compatible with files written by and for the original FORTRAN version of

P11 and fies written by the MIT-PUJ Editor program. *

void readblule BkM(FE %lade, iii compoen)

*decare variabla tha are defined in fth pfl.c file and that will be used in this fiuncton

esaint IRPflhlnuxsopl. MBI~jmx*counpj;

Amdu float lumxjmal)nucoml. XCHD~ma)ax..ad](max.=V.yonj
X7M~maz...rdllmajx..compl. XGMlznaxjadllmaxýcoinpl,
XGmxjardljmnixccmp]. BARlmaiaxcompl,
BANGflhlmaxngl(nmcompj, BQIDINmaxýangflmaxkcomp].
BTKfllfllaxa~kanolumxcoMpl BcDfqmaxkangilmaxýcomp].

*Variab declaratimu

int MK M/lo" counW
no**"ar 1 Ifintege variabl for reading

/dmt characte by chwarae
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while (mchusxt-I-3Aaszdchert10)
midahar - vm~biadm);,

wooe.d Hase

while (ammichart-13&Aexichartl0)
machor - vic"blad);

a~dchar -1;

while (nexlcarl-IM&&wddmortlO)
Uextctmr - gtCObaMIe);

nexichar -1;

I/read in the nmarber of adii

ftcanlMlade,% *&MPD4[covomoetl);

//Mvrp fifth line

while (nextcharf-13&nextcharl-10)
nextchar - getc(blade); *

nexichar 1

I/Aoop through the cnpoaents and read in the radii

fscanfTbade,% &.XRPINIMIcomponent);

//cump seventh line

while (nextcharl-13&&nextcharl-1O)
nextchar - getc~blade);

nextchar -1;

llread in the bla&de hods

gw(MinO;MMRPINqwmpomo];M++)

facanf(blade,%f .&XCHDIM[cosnpooeaJ);

//scrp ninth line

while (nextcbert=13&&nextchart=1O)
nextchar - getc(blade);

nexichar -1;

//mead in the blade thicktnenses
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flca i te lbvicous dratcds,9V anfflM1.e

//scra thewskh line

while (aevdchurI-l3&AnxcardI-l0)
matcher - gte(lihde); 1

amxther ml;

//med in tie Wla& cicuatm da e

//scmap fhifteenth line

whl (ethari nex13& Il&aextctmrI 10)
nextcha = gutclblade)

I/read in the lau dento tircuraing

fcacnllbLade'%f AXR~coanponentJ);0

//scrap sieflneenth line

while (nxtichar!=13&&nexchart=1O)
nexichar - getc~bade);

nextchar -1;

//head in the angumbar extentgl tes rn

fscal~badeVJ &BANfcomponenti);
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I/imp Woomotih

while (auftadchMrm3Aaezdhar10)
mexichar - poc(bladso);

//med in the augks

bc=Anblade,%f ,D*A ANGIN~M~jcomporaIj);

//=W tweaty4im fine

while (maxcbartl13&nextchart-10)
nexichar - getc~blade);

mextchar -1;

I/read in the ring chorft

for(M'0,M'NmlNlcompwnetl;M++)

fscanf(blade,%t ,&BCHDIN[Mllcomponentl);

I//scrp twenty-thid line

while (nextchar!=13&&nexcharlinlO)
nexicha - getc(blade);

nextchar -1;

//read in the ring thiclnumes

forq(Min0MllmBNcniwponentJM+)

kcaniladeWf,&BnhKNImicomponentD);

//scrap twenty-Mit line

while (nextchart=13&&nextcbar!=l0)
nextcbar - yetc(blade);

nextchar -1;

/Yread in the ring viscmu drag coefficients

for(N-0 .*Nf compnenl;M++)

fscanI(bW*AfeV *,&BCDINIMJoomnponenD;

/ucrup tiwnty-soventh line

while (nextchart=l3&&nextchart 10)
nexichar - gec(btade);

nexicha -1;
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Mkud in the iag c~iadloin

C.&.14 Mb. read wake Me. fitactiem

The read wake-file function reads standard PLL wake data files. It receives a

pointer to a FILE structure and the component number for which the file is being read.

The fimction is compatible with Mies written by and for the original FORTRAN version of

PLL and files written by the MIT-PLL Editor program.

void read wake file("L *wake, int component)

declare vazidales dot amdefined in the pl.c fl~e andthat will be used in this function

extern int NRWIN~zmaxcoonipj, NHARMA[=maxcoinpI, NHARMR~max-compl.
NHAflMTlinaxýcoinpl;

extemn float XRWNlfiax...wakemjudliax...cmnL.
XVA[,naxuea4rad][niaxýWkeharjI21[max...compJ,
XVR~lmaxýwk~ad[akwakej harH(21maxkcmpl,
XVrlnuxkwakcjadllmaxýwake~arII2IlmaxsompI;

*Variable declarations

mnt Ki, I/looP Counters
tdmr~t 1; Irinteger vaiable for reain

HUdata character by

//Scrap f ira line

while (nextchart-13&&nexcharl-10)
nexichar - gctc(wake);

nexichar -1;

//Scaw second line
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while (m@darn rI'3&&mexctia,1I-0)T

//WW~ thini amn

while (nexWharIn3&&Ammdhart-I0)
nombar - gelc(Wake);

I/reedi n the twiaber of radi

hcmAtkuW~ OARWIN~compoomtD

//scrap Amf line

while (uextchart1=3&&nextcbar!- 10)
nextchar - getcwake);

I//mod in the NUbMDR OF HARMONIC COEFFICIENTS (axia, radial, tangentia)

ftma~wakc5 *.&NHARMAjcompovA~j);
ftca~vf *Wa d *,&NHARMRcmponetD);
fimAnw"" *NHARMflcompmW]nt;

//W~ seveth line

while (nextcharlusl&Aaexlhart= 10)
nextchar - Ietcwake);

//read in the NONDIMENSIONAL RADII FOR INPIYM

f~km0;~Wwp~cm~mI;M++)

ftcuAnwsakW,&XRWRINMlimponentI);

//scrap a line

while (nvr hr13&&n w.4char1-I10)
noxichar - getc(wake);

=I;

//reed In the AXIAL COSINE HARMONIC COEFFICIENT

fArMJ0<HRA~cam p ouemL;J++)(

ft~m~mNRWINc~nponentM++)(

kanfwakc,%f,&XVAMIJj[0JIcomponent]);
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//ucr a lins

While (namll& mtbr-0
nodclmr - getc(aks);
=Ilcar-;

1rad n the AXIAL SINE HAIRMONIC COEFFICIENTSb

hfix(WI<NARMA~coupooent;J44){

for M0MNRWlNjcoanpoentIJM+-4X

fs4wke,W ¶&XVA[MIJ1[ lllcomponcntl);

I/handle the radia coefficients if there are any

if(NHARMRjcomponentI>O)(

//scrap a line

while (nextchar1tl3&&nextcbart=lO)
nextchar = getc(wake);

nextchar -1;

//read in the RADIAL COSINE HARMONIC COEFFICIENTS

for(J0O;J<NHARMR~compolefltJ;J++){

for(M=0;<NRWINjcomponentj.M-I*){

fscanf(wake,"%f ",&XVRIMI Ii 101componentl);

//scrap a line

while (nextchart=l3&&nextchart= 10)
nextchar - etcwake);

nextchar =I;

llread in the RADIAL SINE HARMONIC COEFFICIENTS

fow(J-OJ<NHARMRjcomponentJ;J++){

for OW-4M<NRWIN jcoaponentJ;M44)I

ficanfwake,*OJo ,&XRM[MlJjhI~coinponcntD);
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//hawkl the taqendal coeffideists if thent we any

iKNHOARMfFjcoa"=We>0)(

//scap a line

while (ncldmat-I3&&nextchar1-IO)
nexitliar - getc(wake);

nvxthar-;

//read Wn the TANGENTIAL COSINE HARMONIC COEFFICIENTS

fix(J-O,J<NHARMbTjcomnponent];J4-+){

for(M='0,M<NRW1Nlcomponent];M++){

kanfgwakcf ,&XVFMI(JII0Iicomponentl);

* I//scra a line

while (nextchar1-l3&&nextchart= 10)
nexthar = getcwake);

nexicbar -1;

4 fllrad in the TANGENTIAL SINE HARMONIC COEFFICIENTS

for(J0O;J<NHAflMTlcoaponentl;J++){

for(M-0;M<NRWIN[coinponentJ;M++){

4 hcrwk.Ie ",&XV1IMJIJl1lI1componcntI);

C.5.15 The read-lnput-file function.

The readjinput file finction reads standard PLL input data files. It receives a

pointer to a FILE structure. The function is compatible with files written by and for the

original FORTRAN version of PLL and files written by the MIT-PLL Editor program.

440



void awdjIFutfihFILB *Ilds)

*deciar variables that ane ddned in the pUl.c file and that will be used in this function

4 extemn ~chiar R U NJD(2 11, im age 0 du im ag da t rndm . .p e e er ax o pj

BLI)INxu.xyompl( 2 lJ WKINmaxcompII2II;

exturn mnt uue mlfblade, NBLADE~nuax compj, LDEV;

extemn float DCHDI, DCI), DTWK DDIAM., XDUCT. VS, RHO, DSHAFr,

4XDLOCjmax...'oipl, XDIAM~maxk~ompl, XWDIAM~ma*_comp;

*Variable declarations

4 int I oop counter
nextcbar - 1; iinteger variable for reading

II data character by character
//scrap first line

while (nextcarIml3&&nextchart= 10)

4 ~nextchar - getc~lade);
nextchar=-1;

//scrap second line

while (nextchar!1l3&&aextcharI= 10)
nextchar = getc(blade);

4 nmathar =1;

I/read in the ship speed

ficnfIbade,"/.i ,&VS);

4I//Scrap the rest of the line

while (nextcharf=13&&nextcharIl= 0)
nextchar - getc(blade);

nextchar -1;

4 I//mad in the fluid density

ficublade,"/".P&RHO);

//Scrap the rest of line

4 while (nextcharIl=3&&nextcharIl=0)

nextchar - ptc(blade);
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//md in the dof ofteliae depth

h~ola "Ar DSAFr);

//Marp the r of line

while (uxchart-l3&&Aextchart-lO)
mexcwbr - uulcwbade)

.sxtchar -1;

//reed in the inmibe ofcoeponenus

bcarAlblude,%",WAEV);

//5cWa the redt of line
while (nextcharll3M&&netchart 10)

nextchar - getc~lade);
nexichar -32;

* //nd out ifan image hub isto beused

while (nexthar-32flnextchar=9llnextharl1011nextchar=13)
nextehar - gotc(blade)

if(nextchar==(int)(Inextchar=-QntXy))

else
imagcJwb N'

nextchar =I;

I//=ra the rest of line

while (nextcharIl-3&&nextcharIl= 1)
nextchar - getc(blade);

nextchar -32;

AMin out if an image duct is to be used, this while statement rejects spaces, tabs, carriage reurns, and line
#I fees so that extra lines in an input file won't crash the program

while (nextchar==3211nexthar---9llnexchar--=lollnexthar=-13)
nextchar = getc~bade);

ifl~nedchar--(intXtch"ai==(intY))

dels
image...uct -NW;

nextchar =1;
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/hcup the - t ofln.

while (mmichart"'13&AaucWI-l0)

somah -.32;

I/yad the *A deft if wem is a

Inard the ihW chuud

ha~adc,"WDCHD);

Icthe we ofline

while (fexlcbartin3&&aextchbtilO1)
mexichar - getcoblae);

I//mad the dtxct drag coeffiient

//scrap the redl of line

while (nextcharuhl3&&nextchartlIo)
nexichar - getc(blade);

nextchar =1;

H/rad the duct thickne

fscanlfadc,g"Af*&DTHK);

//Scrap the rest of line

while (nextchar1=13&&nextchaf1= 10)
nexichar - SetcOIade);

nexichar-1

//mad t13 dudt diameter

ficanfbladetL*/,DDIAM;

/mcrap the rust of Usne

while (nextcharf'13&&nexcharflo)
nexichar - etc(1,lade);

nxcharb -1;

//mad the duct anda locatob

bmmbldt65WXDUCI);
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I/uew thevo of line

vWki (vdhart'.13&&AmXS~hfi-10)
mexcbr - pinc*lad);

namexhr -32;

/Abamdle both prpeiller, if there am two

hQd.McLNDEV;M4+)f

il(imopjoct - (charX73))

I/fin out if the propeler is ringed

while (nextcar-32ilnexchar-911nextcharlollnextcharl=3)
netchar - getcobade);

if(aextcha-S9llnextchar 12 1)

* rfingdWapefmlerM - (charX89);
dels

rinWedjwpellerfM = (charX7S);

nextchar -1;

* I/scrap the res of ine

while (nextcharlInl3&&nextcharI 10)
nextchar = gotc~bade);

ne~xtca =I;

//head the axial location if there is more tha I Propeller

it(LDE'P1)(

* ~ficanf~blad,,*%t&,&XDLOCIM);

//scrap the res of line
while (nextchart=13&&nextchart-10)

nextchar - getcoblade);
eXItchar -1;

dels
XDLA)C[M]=.0;

fi/rad the nmaber of blades
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/huuupthe fee of lim

while (maxcaidcIMtl3&&adh-10)
Sa vb - seft~ihis);

//md i the ba b fikm am~

//scrap the red of line

while (anm~chrlIil&Mxtochaeltn10)
amdtchw -

aeoichar -1;

//read i the lakde ilaminea

ftcanf~blade,'%6,&BLDlAMM)l;

//Scap the no of line

while (nextcbarll3&&nextcbarfIn10)
nextchar - geac(blade);

meitchar -1;

//mad inthe wake dikas=e

facanfblde,&XWD&I~MM2l);

liScrp, the res of line

while (nextchar-l"3&&knexchar! 10)
* nextmchar - getc"ble);

nextchar -1;

C/re1d in te weake fil c-fe fuameon

bcanflade,,&WKII445D



The read~poject.fll Sancti rem&s PLL project Mies are that written an response

the FuelSae Project selection from the main numm. The finction receives a pointer to a

FRE stucture.

*dedlar variakie dt~ a deflasd in the pil.c file and that wfili be usd in this functon

epim char RUNWI 1 D121. NP UR201(O;

e'v, int LDEV, eptimizejpm, optim .iameO tcr, =xdmi _ffinust~naojundnKWoima

diacjingadezorcu la~dcýOpuwak ligminenfla&
eslidiactcirul-matioo~fla eutmmtedampinglag. NPANEL,

cosiacti. raio lagqwkealignment flag
draadlopti imtion flag cmw-Odmatio ft&
&actmeaqnjinefla cmprdlycdfiag pfopdMajype flag

extern Elmu horsepwer, RPM~max compi, thOm oefiiet
edmatddetdroudindtion. Wtqejado damping.
- opeilrU cljhna*stjato, propeflernngjhustiraWao
thru at smaft, CLMAX. TCHDMAX, HUBCHD~niax complT11pCDCON,
RHVOR, P1.1, ii., CONRAT, GAPFAC,
fiatera coni zanluser _defined matea+ 11121. rake[2];

*VariaWl decifamaan

int K~i L/loop counters
nextchar- 1; ianfteg variale for reading

IIdata charcter by
characler
//wq ffist fine

whil (nextchart-13&&aextchar-1O)
nexcha -I = c Sao"&);

nexichar -1;

I/cW~ secood Umn

while (nextchart=13&&nextcharl=1O)
nexichar - getc(blade);

nextclmr -1;

//read in the iopw fileame
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hc~dQAhdS,%2OS",INPVTM-nH

wwil (seadmhrui3&A35Nachoft'O)

//ved in doRUN M

hi(i-Oi2Ol4+)RU DiIgcbme)

//ucrqp tM e rig umin

whil (sexlcharil3&A xwclbat10)
mexiche - gec(blade);

I/red W. the anUmber at components

hcauqbladetlW,&LDEV);

//$crop the rem ofline 4

while (sdme ualinl3&&8WdChart10)
sexihar - gewcoblade)

aexlcla -32;

/fread in the rpm for both pfipeflen if there are two

brM-OLNDEV'M+4)

kcan~mkMbhARPMM);

//Mw the rno atline

while (amadcbatu3&&IAxtcbafIl10&&Dvdcbafi"EOF)

awichar -1;

I/thi dfaiemeus usCOPiM bren Project fiSO

//wrap the rig of lin

whil (nexilclh IArt13* W -1hilil)

mextcher - inum y,
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I/mio the ~-1;I

Ihcn tm esti of H"m

while (mmchdi-I3&AROXCbmRW- 10)
uuiicho - geeghtais);

uexichr -1;

//md the Mudnie thos flog

//hcrap tohrest of live

while (nextcharl-I3&Aextclart- 10)
nextchar - getc@Iade);

Mmeotchr =I;

//read the florsqomwe for naaximuz thrus

hafte labid~e*r&horsepowe);

ihsciap the res Of line 4

while (nextchart=13&Anextcharl-lO)
nexachar - getc(blade);

nexichar =1;

//read the Thrust coeffcient for nuximizing thrust

fscanf~blade,*%i,&Amth~i oeffient);

//scrap the res of line

while (nextcharl-13&&netchart= 10)
nextchar - getc(blade);

nextchar -1;

//heed the Mo nindztime flag

I/scraf the red of life
while (nextchart-13&&nextcbarI- 10)

nexichar - Vetcblad);
nextchar -1;

I/read the Effective wake flag

ficanf(blade,"$W,&effixtive wake flag;
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while (inrchta-u13Ah31110)

I/red thu 1~d -pnd fag

I/hcza dou r" of Hane

while (wxitcart"13&&flemthU~"1O)
nextchr m petc(blade)

/head the Dudt Ums fag

I//SCa the en 4 Uine

while (aevitcbar13&&DextchwIftin)
sexicha - gmt~bade);

neimhar -1;

//road the Duct rnog vortex Ibosflag'

//$Crap tme rest Of line

while (nextchart"13&&flext~afllO0)
nextchar = getc(blade)

//road the Cre opt wake ah~lgnen fla

/scrap the reg of lin

while (aedcbmrll3&&nextchWftlO)
nextchr - getc(baade);

nextchmr =I;

//nod the Edimae duct circulatin flag

//$crap the rest of line

while (nextclmr ml 3&Anextchrlinl)
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asaeat, - gcbi)

IUrea the E~sait dad drirlatiom flag

IAKIV the res o Mae

while (sexicharlIn13&nexcIhffflO)
seacher - oge~cal);

/raud the Eamiald fhal diunlatic

hcnbUileAr Ui ised-sirctOudtoa);

I//=wa the met of line

while (nextcharlu.13&&nexchar!-10)
nextchar = getc(blade)

nexichar .1;

//rad the Torque ratio

ftcan~blad~e"r&orque ratio).

//scrap the rest of line

while (nextchar!1l3&&nextchanIl10)
nextchar - getc(blade);

nextchar -I-,

//read the Damping

ficanftlalae,%i",.&Aamping);

fiucrap the rest of line

while (nextcarl-13&&nextchart- 10)
nextchar -getc@Ilade);

nextchar -1;

flicad the Propeilen duad thrust ratio

ho~aeA&pn peUctthraatmtido);

I//crw the mea of line

while (nextcbarl-13&&nechart- 10)
nextchar -getc~blade);

nexichar -1;

I//ma the Propelle ring thnaat ratio
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IA=* tha rm of Has

while (modm.ihwtin13adhert10)
awachar - gdclmbad);

amacher -1;,

Ikumd the Thnuft ashiu

I/Scmp the rest of Has

while (nexlcharl-13&anexcharl- 10)
maxtia - aeckblAde);

nexichar -1;

Irand the maximum lift coefficient

hcaudblade,"A',&CLMAX);

//scrap the maeat line

while (=eAcbrI-l3&&nextcbarI-'l0)
nextchar - getc(blade); *

nextchar -1;

I//rd the niaimwn thicnes to chord rawi

lcade. %tAf,&TCHDMAX);

I/scrap the res of line

while (sextcharlIMl3&nexcharl= 10)
nextchar = getc~bade);

nextchar -1;

I/read the minimum chord/diamete ratio at the root for each Componen

ftOd'M'<DEV;MI4){

hcaMtIk"WUBUCHDIM);

//scrap the redt Ofline
while (nextclmrl-13&&nextchar-10&&nextchart-EOF)

nexichar -etcublade);
nexichar -1;

//red the tip thickness to chord ratio
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c..jbWad*.,9gATnP)

"Whe (asz~hert13*AadcmrIc-0)
intcuichr goicolmde);

modclm -1;

I/ri the mour o punek

h=%m bt.ANPMANE);

//scrap the rea of line

while (aexicharl-IM&Aextcharll10)
nexichar = getcoilade):

nexich" -1;

IrMad the drag coeffiient multiplier

ftcantMblade,*%g,&CDCON);,

limcrp the rest of line

while (nextcharIl-3&&nextchar-l-)
nexitchar - getc(blade);

nextchar -1; *
//rmad the hub vortex radius to hub radius ratio

fbcan1~blade,*%f',&RHVOR);

//scrap the rest of line *

while (nexicharIl=3&&nextcharIl0)
noftchar -getc(blade);

nextchar -1;

fllred the first Lagrange multiplier

//scrap the res of line

while (nextcharJrl3&&nextchart- 10)
nexichar - getcQblade);

nextchar -1;

//rmad the second Lagrange multiplier

ftcanfUblade,"%f",&PL2);

/Iscrap the rest of line
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while (nextcharIl3&AaextcbarIllO)
aexichar - getc(blade);

nexichar-1

//rmad the contraction ratio flag

fscanf~blade,%d¶.&contraction_ratoý_faa)

//scrap the reag of line

while (nextchart-13&&nextchar!1l0)
nextchar - getc(blade);

mexchar -1;

//read the conrat

ftcanf(blade."W/.~&CONRAKD;

llscrap the rest of line

white (nextcharI-l3&&nextchar!1=0)
nexichar = getc(biade);

nextchar -1;

I/read the wake aligment flag

hofscnfade,-/.e¶&wake alignment~flag);

//scrap the redt of line

while (nxcharI=l3&&nextcharIlo)
nextchar =getc(blade);

nextchar =1;

I/read the circulation_optimization flag

fscanf(blade,*/,'%d&crcuation -optimization flag);

//scrap the rest of line

while (nextcharIl=3&&nextchar!= 10)
nexichar = getc(blade);

nextchar =1;

//read the chorod omizationjifag

fscanf(blade,*u/du,&chordkoptinhization_flag);

//scrap the rest of line

while (nextcharfl=3&&nextchar!1l0)
nextchar =getc(blade);

nextchar -1;
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/heed the usenafg

u~crap the re o ihne
while (mosxicarl-I3&&aexichart" 10)

mextcha - getcolafe)
mexichar =I;

4 //1read the uayirical vcd flag

//scrap the rest of line
while (mextchart-I3&&nexcharklO1)

nextchar - getc(blade);
nextchar -1;

I/read the duct tip gap factor

f~ade~b "J",&GAPFAC);

I/scrap the rest of line

while (neitarl=3&&nextcharl=l0)
nextchar = getc(blade);

nexichar -1;
_4mfa

I/read the propeller tyefa

fscanfibla *de,'d"&propeller_ty-pefag);

//scrap the rest of line

while (nextcharI=13&&nextcharIllO)
nextchar = getc(blade);

nextchar =1;

I/read the propefferjnmaterial

fsaknf~bade,'V.d",&propellermaterial);

//scrap the rest of line

while (nextcharil=3&&nextchar!l0)
* ~nextchar = getcqblade);

nextchar -1;

//read the user defined propeller muaterial constants

fscanf(blade,%i'o,&materialcnstantjuser-defined-material)lOJ);

//scrap the rest of line
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while (matchadl-13&&=xcharl-10)
Gocar - getcolade);

nexichar -1;

11K11a the redo ineM

while (nextcharIml3&&nextcbarIlm 0)
nextchar - gttc~blade);

nextchar -1;

ftcanf~bsde~t,"/&rake[0I);

UC.5.1 The readt lt-d functine

The hid-letl funxchatio3nrexcadsplt 10) htar rte y h OTA

voiditha redpo_=eM *plot)de)

extern int nuextchar i;laýcml

Th cdltfiefnto reNUEI)LWlaLads lot ils ha ae written y the FORRAN

extrn loa iED1SlmaxýcompI~maxLradI, CHORD1NLAIIOImamlimaxradJ,~m~~rd]

P1THANLENDITUBEDnixc~p~a455I
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DRAGj~maxýcomp~jmaxýradj. CIRCULATIONCALCimaxýcompljjanaradl,

LOCALcL(.azc~omPfl(ax*iadJ, LOCALCFjmaxýcomplimax~jadj.
* LOCALCQjumxkcompj(makadJ. CAVITATIONNUMBERIDkxsomplimaxjadl.

*Variable declarations*

ink component, //component#, 1 or 2
i;/floop Counter

//read in the component inumber

ftcant~pot,%d O¶comiponent);

I/decrement the component number so that data for component number 1
II will be stoed in the 101 variables (C programming convention)

* ~component-;-

//read in the number of radii

fiscanf~(pn,VWd ,&-numbe~r rdii icomponent]);

* iiiMoop throgh the radii

for(i-O~i<numberjradiilcomponentJ*.i++)

//read in the data for each parameter at the current radius

* ~fscanfr~plot,V"f %fYef 1/o f WOW 5/f OlafOW" &RADIUS~component][i],
&CHORDINPMUIconiponent][iJ, &THKKNESSlcomponentI[iJ,
&DRAG[componentj Iii, &CIRCULATIONINPUT~componentfluJ,
&UAINNOMlNAL~componentJ Ii], &UAlNEFFECTlVE~componentJ Iii,
&UTlNlcomponent)lii, &ýPITCHANGLEUNDISTURBED[componentj Ii]);

* rnMoop, again through the radii and read the rest of the parameters

for(i=0;i<number-radii[componentj;i++)

k an~pot,Y Yet Old 1/of Yef /ef 'Ye Olaf Olaf OW OW, &RADIUS [component]jlJ,
&CHORDCALC~componentI ji], &PITCHANGLEINDUCED~componentJ Ii],

* &CIRCULATIONCALCjcomponentI[i], &UAINDUOF-D~componenti Ii],
&UTIDUCED[ coniponent]i i, &LOCALCL~componentJ Ii),
&LOCALCT~componentj Ii], &LOCALCQ~componentJ Iii,
&CAVITATIONNUMBERjcomponentJ 1:1);
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Cs.)$ Tm. red...erile rMtl.m.

lThe readjlaurtfiefnction reads data from the &muet.coe file written by the

FORTRAN exemuable to be used should the user decide to unload the hub and/or tip of a

hubless propeller without a ring or a zero gap duct. The function receives a pointer to a

II
FLE structure as an argumnt.

voW read~~fi(IE~
(

I

decdare variables that are defined in the plI.c file and dta will be used in this function

extern int NGCLDEV;

extem Boat GClmaxconpljmaxglaucoed;

* Variable declarations *

• int ij; I/counters for the for loops

/oop tiroush the components

for(i=O;i<LDEV;i++) {

SIlread in the number of coefficients for each component

fuc•sn•lade,/,d.&NGC);

I/loop through and read in the coefficients

S ~fonmjuO<NGCj4#)

fc&anf"blade/, ,&GCliIJD);

C.5.19 The read unload dat rde function.

The read_unload dat file function reads data from the unload.dat file written by

the FORTRAN executable should the user decided to unload the hub and/or tip of a
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propelle tha has a dn or a mo ap &act or an imap huab. Ile finction receives a

* ~poiau to a FILE uiucture as an argmuniM

void NSAv~o4_d@Le(U *blab)

d4clare variables dhot ane Meined in the plLc file aa tho will be umi in this function *

P, 9r, iMt LDEV;

* ~extern OMkm h*_bcircjkacmpj, tWipcircjn wc cmp h*_radiusmaux..comnpl
tip_=dius(mmaxcoenpl, RZfmax..cmpj;

*Variable declaraionm

int i; /floop counter

//oop though the Components

for(i'0;i<LDEVi-4-I) {

I/read in for each component:

lliciz'lation nearest the hidb

fscanftblade%t',&hub-izcliD);

I/radius; nearest the hub

& anf~lade,"%L,&hubjradiusf ii);

//hub radius

ficanf~blade,Vd',&AZ~iI);

//crcuation nearest the tip

fscanf(bLamde,"Yer,&fip_;.irclil);

I/radius nearest the tip

fscanf~blade,"/t'&tip~radius~iD);
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in order to prepare PLL to open a new project.

*declare vwiables dhnt am deinfled in the plLc ftl and dint will be wed in dais function *

xier t plat.W.pam patcompauum.,_ft drnw~pldat&.lg unlaodflag ogihimiztejpm
* opdanizedi mde xammsjhtrust utch EARfl& tueCurr'_blade.

evaliomm inur, nmdaetapfoe. muptfa_& comapowentag ScroILPos.
estiwete duct cirCUlatI-afla C IAný-UtcdmiaLftag cIrCOPtwake..altgmnt-ftg
NPANE,ý co amctianjotioflas wake _alignmeut flag, opmzinig
chord, cplnibisiouflag. duct-mmn-heflag. ampirical vcdflag

F w dlerjypcflag.
* prapdl~ermaeriaL, projmetfig dkfctivewakejlag. tumbeL..operatioojlag.

ductaformsflag. ducktfi vortexorceflag.t ScIOILPOS opE-Comp;

extern flowt horepowr, thnas coefficient, RPMImax _compi, CONRAT. GAPFAC,
mat tal. manntluser-defined...matria+ 11121, rakel2], thrust estimate, torque ~ratio,
damping. wtiatnued~duct_;ircalaton, propellerduct thrusjto,
propeH"er rnLthnust nado, CLMAX, TCHDMAX~ ITnPCDCON,
HUBCHD~maxýcornpI. RHVOR. PUI, PU2,
GC-UNLOADFACqmaxýcomp11max.glau~coe1;

exter char ringadjpropellerfmnaxýcompj, RUN 1D12 11, INPUTFILEI 201, PRO.JECTFILE 120];

*Variabe declarations

jut MK I/oop counter

lldelete temporary files

unwikplotl~ot)
unlink~tp2.out*);
unhnk~curI.Wd*);

* ~~~unlik t curr2.bld");
unlakdetaill-out);

unlakdlw ail2.cut");
unwikeUnwyowt);

unlikabundes.ote);
* unlink('ductgeo t );

unlikcfardsoW');
uWnlik woaxi.crnp*);
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taaiukcwibdl.bua);
~.M~(wnkd.bum);
~.Iakcu Waxvd

II*Io p*4xWd~ss -b wiput Mai

uaikpbdouabm);

uWlakpbdwAmatto);
unlikC'pbdoutpp~);

unlinkCpbdoutsol);
un~i~(pbdoutibg");
unhuk~pbdoxi~ikt);

unldkpbdauLobg);
1201i *(pbdouLbsn"),
unhdkpbdomaobg*);
unliik('pbdout~rdcm);
unhinkepbdoutsgr);

unldkpbdouLbdim);
unh ainkurpbd~crr);
unlink("cuffpbdcebs*);

/rwitiaiige St"be vaiables

for(M0OM<nax~jomu..oef;M44){

GC-UNLOADFRAC(I~M1=0.0; *

GC-UNLOAD-FRACIIIMI=O.O;

rined~jxopdkdlcrO WnN;

platcpomponCAtflag-O;

dmw-pletfag-0;

opdimizejrpu=O;
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dpmjhu Wg-

bwupowmrO.0;

thu cmm-u00.0;

ScrollPos -;

umjecoeftjlag -0;;

wgPM j ati' 10.0; ,

~odwnpiag -. &,g 0

thrumc-imacu s- r 0.6.0;

pmetoiquej d wArto - 1.0;

duct -61



CLMAX - 0.6;

TOU*AAX -0.20.

T - 0.004;

NPAIJ4M -10'.

CDCO. - 0.006;

RHVOR - 0.5;

PI- -1.0;

PL2 -0.0;

CONRAT-1.0;,

wakc.aligsment~fiag - 1;

circuwfi"Ou..pimizatioqajlag 1;

chord..opdimizatioojflag - 1;

duct nicanjline flag 1;

cmpiuicaI~ycdfta -=1;

GAPFAC - 1.0;

propellerjypelag 1 ;

propierj~nuateia - amanganam-broaze;

matcriacootantqueaedeined-materi a 1 [0--70 ;
mfitriacospantveuuerdefinedk~matefaII[1JO.30;

rakctl-OJ.0.
rawi(110.0;

ScIU-OIPS 0*1
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The 7 duleft SO bamcdm.

The AiIli.e files nuwwtn deletes tmanprary data files according to the integer finM

passed as an arpwient.

void delis fin(int fileftag

~mud ilk1.mutly
ualinkc( Vdell.outl);

ua-shk('uaeuow");
unlik~abndesouta);
mawUnk(' UCte);

uninkboukOIAup);
unlink(nOdmoaxcr);

wdweoaa~k~c);
manlik mrrd~ci);

uoi~awpbd1.bd*);
unliukrcurrpbdI.bsa*);

iiwflajrag~bdfi.es*);

//cdlee pmeexisting pbd output files

unlik~pbdouLcdld);

unhik(pbdouLhumv);
unlinkCdouLcmf");
unlink(*pbdouttot);
unlik(pbdmittosp);
unhik(pbdouL~sp");
unlInkpbdouLsW*);
unlikpbdouutktq);
unlikpbdouLktsa);
unlikpbdouLobm);
unhikpbdoutrdc");

unlinkpbdoutvq?*);
unlnkpbdouLhdi);

u~n~apbdar*);
unWinkcrpbd~dm*);
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APPENDIX C.6

The PLL and PBD FORTRAN programs.
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C.6 TIe PLL and PBD FORTRAN programs.

The MIT-PLL propeller design program uses lifting line theory in representing 0
propellers as a set of straight, radially oriented lifting lines corresponding to the propeller

blades. The geometry of the blades is represented in the form of a radial circulation

distribution. The program was developed at the MIT Marine Hydrodynamics Laboratory

with support from the MIT Sea Grant College Program and the David Taylor Research

Center. For this reason the code will not be reproduced in whole or in part in this

document, either in its original form or as altered to be called by the PLL WindowsTU

application.

The ?BD- 14.2 propeller design program is the product of evolution from a series

of earlier codes developed at the MIT Marine Hydrodynamics Laboratory. The program D

was developed with support provided by the Office of Naval Research Graduate

Fellowship Program, the Office of Naval Research, and the David Taylor Model Basin.

As in the case of PLL, this code will not be reproduced in whole or in part in this 0

document, either in its original form or as altered to be called by the PLL WindowsTh

application.

For the purpose of the illustration of a FORTRAN code altered for operation in D

conjunction with a WindowsTm application, a portion of the VLMLE code discussed in

Chapter 2 and Appendix B is shown below. The FORTRAN code shown is used to allow

the user to interact with the program and provide keyboard input to set the number of

panels to be used in modelling a foil. The first line of code writes a prompt to the

monitor.

The READ statement that follows causes the execution of the program to pause while the

user selects and types an integer value on the keyboard, and presses "enter". The program

then reads the value selected by the user and stores it in the variable MC. A test is

performed in the third statement. If the value suggested by the user falls outside of the
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acceptable range, execution of the program is redirected to statement 90 and the process

is repeated.

C--C puw velex and citrpoint podtons and weight hunctions-
C
90 WRrrE(*,'C' Eater umaber of pans (Max:",14,")... ",$)) MSDI)

READ(*,) IC
IF(MC.,T.U.ORMC.GT.MSD) GO TO 90

The FORTRAN code shown below replaces the code described above in order to

adapt the original VLMLE code for use by a WindowsTu executable. The first executable

line opens the INPUT.DAT file, a file written by the WindowsTm executable, as logical

unit 2 to provide the input that is usually provided via terminal interaction. The READ

statement reads the first value from the INPUT.DAT file as the number of panels. There

is no need to test MC at this point to ensure that it is within the acceptable range, since

this action was performed by the WindowsTM application. At some point later in this *
program the INPUT.DAT file will be closed to complete the input process.

C---Open the input data file as unit 2
OPEN(2,FLE=P UT.DAT,,STATUS--UNKNOW,,FORM=fTORMATTED)

C
C-Compute vortex and control point positions and weight functions-
C
C

READ(2*) MC

Output functions are implemented similarly. Data that is normally written to the

screen, or to output text files, or to plot files, is written to files in a format recognized by

the WindowsTm application. As a preferable alternative, the WindowsTm application

functions may be written to use output and plot files written by the unaltered FORTRAN

code. This alternative minimizes the work necessary to implement later revisions of the
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orginal FORTRAN code for use by the W'mdowsehu application. Both techniques were

employed in PLL. p

4

p
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APPENDEX C.7

PLL program Iisting.
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C.7 PLL program Ustings.

Listings for the MIT-PLL WindowsTu application, the MIT-PLL Editor program,

and the MIT-PLL Help program are included in this Appendix.

C.7.1 MfT-PLL program listings.

The PLL Windows'm application includes 37 files. Listings for these files are

included with this document as Appendix C.7.1 on a 3.5 inch, IBM PC formatted, double

sided, high density floppy disk. The files are saved in an ASCII text format which can be

read using a DOS text editor or any word processor capable of reading DOS text files.

The complete files of this and the other programs in this thesis are not included in the

written text of the thesis in the interest of limiting the size of the document. These pages

are included with the listings in a file named README.TXT.

The files included on the disk are described below.

PLL.C -contains the WinMain, FrameWndProc, MDI Child Window

Procedure, WMCommandHandler, scroll bar, and dialog box

functions.

WRTEPBD.C -contains the writepbdadmin_file function.
PAINTHUB.C -contains the paint-hub function.

PAJNTRHU.C -contains the paintrdc function.

PAINTVCP.C -contains the paint_rcp function.

PAMNTTST.C -contains the paint.graphs and rotation_projection functions.

DELETE.C -contains the delete-files function.

INITIAL.C -contains the initialize function.

READGLAU.C -contains the read_.glauertfile and the readunload dat file

functions.

WRITEMISC.C -contains the write miscfiles and the write_pbd_files functions.
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WRTEDEF.C -contains the writedefault-file, writewakecalc_file

* writeductforc file, writethsttorqfile, writeabsrulesfile, and the

writewkalcircfile functions.

PAINTWAK.C -contains the paintwake functL-r..

4 PRINTPLT.C -contains the printplot and the drawprint functions.

PAINTPLT.C -contains the paintplot and the draw functions.

PAINTBLD.C -contains the paintbld function.

4 READWAK.C -contains the read wake file function.

READPLOT.C -contains the read_plot file function.

READBLD.C -contains the read blade file function.

4 READPRJ.C -contains the readprojectfile function.

WRTEPRJ.C -contains the write_projectfile function.

WRTEINP.C -contains the writeinput file function.

4 READINPC -contains the read-input file function.

PRINTOUT.C -contains the printout function.

PAINTOUT.C -contains the paintout function.

* WRITEOUT.C -contains the write output_file function.

PAINTGSP.C -contains the paint_gsp function.

PAINTCMV.C -contains the paint cmv function.

* PLL.DEF -the module definition file.

PLL.RC -contains definitions of the resources used in the PLL program.

HEADER.H -contains the #define and #include statements for the PLL program.

* PLL.H -contains the definitions of the WindowsTm identifiers.

README.TXT -contains a copy of these pages.

The following files are not readable text files.

* PLL.ICO -describes the icon used to represent the program in the

WindowsTM Program Manager.
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PLLBLD.ICO -describes the icon used to represent the Blade Viewer window in

4 the MDI Client window.

PLLOUT.ICO -describes the icon used to represent the Output Viewer window in

the MDI Client window.

* PLLPLOT.ICO -describes the icon used to represent the Plot Viewer window in

the MDI Client window.

PLLWAKE.ICO -describes the icon used to represent the Wake Viewer window in

*l the MDI Client window.

PLL.PRJ -the project file read by the compiler.

PLL.PIF -a program information file used by the WindowsTm environment

*I to control how the PLL FORTRAN executable is run.

PBD.PIF -a program information file used by the WindowsTm environment

to control how the PBD FORTRAN executable is run.

*l Also included with this appendix are are several blade, wake, stator, and overall

input files for use with PLL.

* C.7.2 M[T-PLL Editor program listings.

The MIT-PLL Editor WindowsTm application includes 25 files. Listings for these

files are included with this document as Appendix C.7.2 on a 3.5 inch, IBM PC formatted,

* double sided, high density floppy disk. The files are saved in an ASCII text format which

can be read using a DOS text editor or any word processor capable of reading DOS text

files. The complete files of this and the other programs in this thesis are not included in

* the written text of the thesis in the interest of limiting the size of the document. These I

pages are included with the listings in a file named README.TXT.

The files included on the disk are listed below.

* PLLEDIT.C

ADDANGLE.C
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ADDIADMC

DBLcLK.C

DISCARD.C

* HEMADEJLH

PAENTBLD.C

*PAWrFE~

PAINT WAK.C

PLLEDITDEF

*PLLEDIT.H

PLLEDrT.RC

PRENTFIL.C

* READBLD.C 9

READINP.C

READSTAT.C

4 READ WAK.C 9

WRTEBLD.C

WRTEINP.C

* WRTESTAT.C

WRTEWAK.C

README.TXr

* The following files are not readable text files.

PLLED1T.PRJ

PLLPRJ.ICO
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C.7.3 MIr-PLL Help pgrem lsistl.

The MIT-PLL Help windowsTh application includes 10 fles. Listings for these

files are included with this document as Appendix C.7.3 on a 3.5 inch, IBM PC formatted,

double sided, high density floppy disk. The files are saved in an ASCII text format which

can be read using a DOS text editor or any word processor capable of reading DOS text

files. The complete files of this and the other programs in this thesis are not included in

the written text of the thesis in the interest of limiting the size of the document. This page

is included with the listings in a file named README.TXT.

The files included on the disk are listed below.

PLLHELP.C

HEADER.H

PAINTFIL.C

PLLHELP.DEF

PLLHELP.H

PLLHELP.RC

PRINTFIL.C

README.TXT

The following files are not readable text files.

PLLHELP.PRJ

PLLHELP.ICO

This appendix also includes the text files displayed by the MIT-PLL Help program.

The files used in presenting the contents of the PLL and PBD User's Manuals are not

included, for the same reason that the PLL and PBD FORTRAN source code is not

included.
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